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This  Is  a  working  paper  of  members  of  the  technical 
staff  of  the  Tactics  Di.lsion  concerned  with  ORO  Study  11.3. 

The  objective  of  the  study  is  to  deveiop  and  expioit  cri¬ 
teria  for  improving  the  imajitry  weapons  system  in  a  man¬ 
ner  consistent  with  trends  in  infantry  weapcHis  dcv<*iopment, 
organization, tactics, and  doctrine.  This  paper, ORC-T-3?il, 
deals  with  one  aspect  of  the  study.  The  findings  and  analysis 
of  this  paper  are  subject  to  revision  as  may  be  required  bv 
new  facts  or  by  modification  of  basic  assumptions.  Com¬ 
ments  and  criticism  of  the  contents  are  invited.  Remarks 
should  be  addressed  to: 


The  Director 

Operations  Research  Office 
The  Johns  Hcpklns  University 
6935  Arlington  Road 
Bethesda,  Maryland 


CONFIDENTIAL 


CCNFiDiNTiAL 


AD  304321 
TACTICS  DIVISION 
TecKnical  Memorandum  ORO*T*378 
I  Pubitshed  June  1959 


SALVO  i  RifU  Fi#ld  Experiments  (u) 


L»on  Feldman 
Joseph  W.  Hotel  I 
Paul  F.  Michel  sen 
Will  jam  C.  Petti  john 


J.  David  Reed 
Richord  E.  Tiller 
Willio»r  Walton 
Kenneth  L.  Yndowitch 


Operations  Research  ORic* 


and 

Systems  Ano/ysis  Corporation 


OPEFATIONS  RESEARCH  OFFICE 

The  Johns  Hopkins  University  Bethesde,  MarjUad 


COUFIBiNTIAl 


COMFir/fNflAL 


FOHEWORO 


The  members  of  the  field  team  that  conducted  the  experiment, 
including  authors,  were  George  Blakemore,  Ralph  Disney,  Carl 
Hensley,  Duncan  Love,  Paul  MicheJsen,  William  Pettijohn,  Robert 
Redlck,  Kenneth  Simpson,  Wil>iatu  Walton,  John  Young,  and  Kenneth 
yudowitch,  ORO,  Thomas  Ca'’7ia-  Lloyd  Corbett,  Paul  Scholtz,and 
Springiield  Ar  nory;  Arthur  Burns,  Olir.  Mathteson 
Ciieniicai  Corporation;  C’:;pt  C.  Sclanick,  Ist  Lts  James  Cooir 
and  Liindy  Dowtin,  2d  Lt  Olive*'  Hedges,  3d  Div,  US  Armv;  T-avid 
Perrin,  Aberdeen  Provifig  GTcird,  and  Charies  Dickey,  Frank- 
ford  Arsenal. 

The  data  reduction  from  target  faces  and  electrical  recorder 
tapes  were  made  bv  ORO  research  aides  Sheldon  Che»ia,  Betty 
Foster  Carl  i-<  ialey,  and  Kenrieih  Simpson. 

hirs.  Foster  in  particular  devoted  much  time  to  painstaking 
data  examination  and  computations. 

In  addition  to  these  participants  the  authors  are  indebted  to 
numerous  others  within  and  without  ORO  for  aid  of  diverse  sorts. 


V 


CONflDEHTIAL 


IT 


CONFIDENTIAL 


1 


CONTENTS 


FOREWORD  V 

summary  1 

FWoblem— Facts— HscussioN  —Major  Conclusions— Recommendations 

PURPOSE  "t 

HISTORY  7 

SALVO  EFFECTIVENESS  13 

AMMUNITIONS  TESTED  15 

TEST  SYSTEM  17 

INSTRUMENTATION  22 

PREDICTIONS  23 

DATA  .  24 

STATISTICAL  ANALYSIS  26 

SEPARATION  OF  EFFECTS  27 

MISCELLANEOUS  EFFECTS  29 

INTERPRETATION  30 

CONCLUSIONS  35 

Major  Conclusions— Dircusbion  or  Major  Conclork^is— Adottional  ^'^ncli’nions 

RECOMNENOATIONS  42 

REFERENCES  373 


; 


CONFIDFNIIAl 


CONFIDENTIA. 


APPENDIXES 

A.  Personnel  AS 

B.  Weapons  ano  Aumenition  53 

C.  Target  System  67 

D  Instrumentation  US 

E.  Data  IiECorded  IAS 

F  Data  adjustment  lb9 

G.  Squad  and  Quaufication  Effects  205 

II  Ittarninc  217 

I.  Rate  of  Fire  223 

J.  Statistical  Analysis  231 

K.  Separation  of  Effects  283 

L.  Experimental  Design  29S 

M  ItT  Rieoictions  3 1 1 

N.  M.*lfi'»ctions  341 

O.  Overkill  ano  Penetration  351 

P.  Target  Characteristic  Effects  359 

FIGURES 

1.  Average  Salvo  Gains  3 

2.  1862  Salvo  Patent  9 

3.  1879  Oronance  Corps  Salvo  9 

4.  194S  Nazi  Salvo  10 

5  Nazi  Salvo  Test  Target  10 

6.  Probamljty  of  Firing  at.  Seeing,  or  Htting  Target  at  Range  R  or  Qieater  1 1 

7.  Early  Pheoicted  Salvo  Effect  of  Wouwmng  with  30-cal  Rifle  11 

8.  Duplex  and  TRiplex  Cartridges  14 

9  Test  Ammunitions  1 4 

10  Qlank-F^.re  Rifle  ano  Target  17 

11  F  (Prone)  Target  in  Uf  Ftosmow  18 

12.  firing  Line  Showing  SrrriNG  Position  with  Elbow  Rest  18 

13.  Day  Target  Layout  20 

U  Complete  Field  Layout  21 

15.  C/S  AS  A  Function  of  Accuracy  (Full  Ra-ni.*-  of  ntoBADiLmr)  38 

16  C/S  AS  A  Function  of  Accuracy  40 

17.  C/  T  AS  A  Function  of  Accuracy  40 

18.  C/w  AS  A  Function  of  Accuracy  40 

TABLES 

1.  Over- ALL  Percfjut age  Casualty  Gains  2 

2.  Weapons  ano  Aim/Unitions  Tfjted  in  the  saI.Vu  1  Kxpehimcnt  IS 

3  Target  GHaracverbtks  16 

4.  SALVO  I  Target  System  I^yout  16 

5.  Troop  CMaractehbtics  19 

6  One  Day’s  Buns  22 

7.  Tabulation  or  Rins  (1-68)  with  Squam  (A-F)  ano  Conditions  Shown  2S 

8  Ratios  or  Inoividlal  Squads  to  ABCI)  Average  20 

9  Ratios  OF  Errtcm ‘nfjb of  Duplex.  TriPlex,  and  f  i.scrstte  Ammunitions 

TO  S»(GLE-nn,Lirr  AskWwmoN  28 

10  Ratios  or  Errr.CTivijixsB  OF  Automatit  It)  SnaALTOMATic  Fire  28 

vill 


CONFIRENTIAl 


CuNFiDiNTiAll 


11  Ratios  of  F.rrF.cTtvi:Ncss  or  T48  and  Carbine  to  Ml  28 

12.  Rough  Qiuupeo  Comparisons  28 

n.  Casualties  by  Aiwunitions  and  Conditidn  30 

14.  Ammi  NiTioN,  System,  Cot«AT  Load,  and  Man-ai.d-Ixad  Weights  31 

15,  Casualties  per  SxLva  per  HIinute,  and  per  Pound  32 

16  Aimed  Fire  Casualty  Ratios  33 

17  UnaimedFire  Casuai.ty  Ratios  33 

18.  Over-all  Casualty  Ratios  34 

19  Mean  Criterion  Casualty  Ratios  35 

29.  Perfect  Accuracy  Casualty  Ratios  38 


Lx 


CONFIKNTIAl 


COi»FiDfNTIAt 


SUMMARY. 


PROBLEM 

To  d^lermlnc  the  relative  effectiveness  of  multiple -bullet  and  sLigle- 
bullet  rifle  ammimitions. 


FACTS 

Earlier  ORO  siudy  indicaied  thai  combai  riTe  fire  would  be  more  effec¬ 
tive  if  hits  were  increased  by  causing  each  trigger  pull  to  fire  several  bullets 
(salvo  principle).  Ammunition  designed  io  fire  in  this  fashion  had  been  fabricated. 


DISCUSSION 

An  experiment  designed  to  compare  the  ^alvo  cartridges  with  (^ventional 
ammunition  in  combai -jimulaiing  aimed  rifle  fire,  was  conducted  by  ORO  in 
June  and  July  1956  at  Fort  Bennlng,  Ga.,  under  thl^auspices  of  the  SALVO 
Steering  Committee  sei  up  by  the  Chief  of  Ordnance.  \ 

The  ammuniiions  iesied  include  .30-cal  duplex  and  triplex  rotaids  (two 
and  three  tandem  bullets),  compared  in  hits  scored  against  standard  single¬ 
bullet  AP  U1  ammunition.  Two  “minimum -climb”  fully  automatic  .22-cal 
(single -bullet)  types  of  fire  were  also  tested;  the  Gustafson  carbine  and  a 
modified  T48  rUle.  Automatic  burst  fire  from  these  weapons  was  compared 
with  semiaidomatic  fire  from  the  same  weapons.  A  32-flechelte  ’oad  was  also 
tired  from  a  12-fage  semlauiomatlc  shotgun. 

These  eighi  types  of  fire  were  tested  on  a  combai-slmulating  range  of  22 
pop-up  (Cock3r  Ken)  targets.  Several  10- man  groups  of  firers  were  used  in 
silling  and  slandlDC  pocition,  in  day  and  ni^l  fire.  The  experimental  data  in¬ 
clude  the  number  of  rounds  flrtd  by  each  man  and  the  number  of  hits  scored  on 
each  target.  In  iddltlon,  electrical  recording  provided  chronological  firing  and 
hit  records  by  man  and  target,  klsntlfylng  multiple  hitc  from  the  salvo  ammu¬ 
nitions.  Ths  data  were  aubjected  to  itatistical  analysis  to  determine  average 
values  of  hit  probabilities  snd  statistical  reliabilities.  The  analysis,  Incorpo- 
ratingfactors  of  lethality  and  weight,  leads  to  conclusioas  express*^  In  casual¬ 
ties  per  salvo,  per  lime  unit,  and  psr  wslght  talt  for  both  aimed  and  unaimed 
rifle  fire.  The  hit  measures  wert  convertsd  to  casusliy  measures,  including 
account  of  psneiration  failure  and  multlpie-hlt  ovcrkillinf .  Differences  are 
noted  in  both  hits  and  rate  oi  fire  as  functions  of  other  experimental  variables: 
firing  poslticm,  iliuminstion,  marksmanship  qualification,  Isamlnf,  and  target 
characteristics  (siza,  range,  concealment,  exposure  time,  firing  activity,  and 
movement). 
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SUMMARY 


Findings 

The  major  findings  are  summarized  in  Table  1,  which  shows  ihe  percent¬ 
ages  of  gain  or  loss  in  casualiles  per  salvo  (per  trigger  puli),  casualties  per 
time  unii,  and  casualties  per  weight  unit.  The  six  major  ammunition  compar¬ 
isons  are  summarized  in  this  table.  The  first  three  lines  compare  Irue  salvos 
with  single  bullets,  the  fourth  line  com  >ares  automatic  bursts  with  semiauto- 
matte  bursts,  and  tne  last  two  lines  compare  test  weapons.  “Single*  refers  io 
regular  Ml  fire.  The  comparison  of  automatic  and  semiautomatic  fire  com- 


Taule  I 

PtHCt.NTACE  CaS^jALTY  GaINS* 


Anwiiiaitiaa  or  (iriag 
con^red 

Caaueltice/eelvo 

Casaalties /tisM 
aait 

am  it 

•Aver«««* 

2a 

Daplcx  to  otaglc 

+  60 

f  60 

♦  60 

♦  60 

Triplex  to 

4110 

♦  70 

♦  110 

♦  100 

±11 

rieebettee  to  eisgleb 

♦  290 

♦  100 

*200 

♦  20C 

±25 

Aelmaatic  to  •esieutoouticC 

♦  60 

♦  10 

-  30 

♦  10 

±  5 

.22-ce]  cwbiM  to  .30>cal  MI 

♦  10 

♦  30 

♦  120 

♦  50 

±  8 

.22-cal  T4«  to  .30-e.l  Ml 

♦  10 

♦  20 

♦  30 

♦  20 

i  6 

■Over  (ho«e  fron  .30-cai  •isfite  bwlleU  or  •vaiiaatoMtic  (ir«. 
^naa«d  oa  linileJ  data. 

■^laeliMlea  both  Caataftoa  carbTaa  aad  inodified  FiS  rifle. 


bines  both  carbine  and  T48  results,  since  they  are  nearly  identical.  The  car¬ 
bine  and  T48  are  compared  with  the  Ml  in  semlaistomatlc  fire  only.  The 
“Casualtiee/tlmc  unll”  incorporate  experimental  data  on  rate  of  fire.  The 
*Casuaiiiea/welghi  wii”  are  based  on  the  weight  of  the  weapon  plus  normal 
ammunition  load  (224  rounds). 

Table  1  is  deduced  by  weighting  the  three  firing  conditions  in  the  approxi¬ 
mate  ratio  of  the  amouni  of  experimental  firing— 2  (day  uiltlng):  1  (day  standing); 
1  (night  silitog).  This  ratio  is  extremely  ronservatlve  in  heavily  weighting  the 
most  accurate  firing  condition.  Secondly,  values  are  derived  for  imaimed-fire 
casualiles.  Ilia  aoted  thsl  the  ezperinMnt  meesuredonly  almtd  fire.  However, 
the  arUtrary  over-all  eallmale  shown  is  thought  v  be  the  belter  general  effec¬ 
tiveness  messore.  The  una<rned  “Csaualtlvs/eslvo*  le  a  imply  the  product  of 
the  number  of  buHeta  per  salvo  and  the  lethality  per  bullet,  adjusted  for  pene¬ 
tration  failure  and  multiple- hit  ovirkill.  The  iable  coate)hiee  the  averafes  for 
aimed  and  unalmed  fire  on  a  fifty-fifty  basis.  The  value  ci  this  uniimed  fire 
in  its  neutralizing  or  harasslat  effect  is  eseuarndtobe  meaeur(<dby  im  caaualty- 
produclsg  potential. 

The  fifth  colume.  'Average  gain.*  is  a  crude  SMthod  of  deductag  s  rough 
alftfle  efreettvenees  rutlo.  It  la  simply  as  average  of  the  three  crtterla  of  the 
other  columns. 
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1  /’'*W8  the  average  values,  together  with  the  95  percent 

dencf  I:r -ij 

""he  contideuce  Itmtts  (2  o)  estimate  (with  a  9S  percent  certainty)  the 
range  within  which  the  true  gain  lies.  For  example,  with  a  95  percent  certainty 
tt  is  known  that  the  average  duplex  over  stngle-buliet  effectiveness  gain  (as 
defined)  is  between  53  percent  and  67  percent.  These  limtts  are  deduced  from 
sampling  errors  only.  Systematic  errors  are  found  to  be  up  to  two  to  three 
ttmes  larger. 
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95  p«f€*nl  Sc  ids 

major  conclusions 

M  All  salvo  ammunttions  examined  show  effectlTeness  increases.  The 
60  percer:t  duplex  gain  is  unequtvccal;  the  automatic  ftre  gain  is  smaller,  de¬ 
pending  on  the  criterton  selected;  and  the  trtplex  and  flechette  gains  of  IOC  and 
200  ^r^nt  require  further  veriftcatton. 

9-  The  smaller  weapons  examined  show  effectiveness  Increases  of  20  to 
50  percent  over  the  141  in  conventional  semtautomatic  ftre. 

Typical  fire  la  at  a  rate  of  16  rotsids/mln  after  !*/«  sec  tn  acquire  at 
target.  Average  test  accuracy  is  14  pwreent  htt  probabUtty.or  an  error  (linear 
standard  devtation)  of  3.8  mtls. 
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Pr,C0MMENDAT10N3 

From  Uieae  cooclucions  and  th«  diacuasion  accompanying  the  22  conclu- 
•irina  In  the  body  of  thla  memorandum,  the  iollowlng  recommendations  are 
dedxtced: 

1.  The  duplex  and  triplex  ammunitions  should  be  considered  for  adoption. 

2.  AddlUonal  tests  of  triplex  and  flechette  ammunitions  should  be 
conducted. 

3.  Flechette  development  should  be  accelerated. 

4.  A  flechette  side-arm  load  should  be  developed  for  test. 

5.  Doctrine  for  aime«:£  "vtomatlc  shoulder  fire  should  be  reviewed. 

6.  An  investigation  of  smaller  weapons  should  be  Initiated  to  Identify  ob¬ 
served  .22-cal  gains. 

7.  A  .22-cal  duplex  ammunition  should  be  fabricated  and  tested. 

8.  The  peep-sight  requirement  should  be  reconsidered. 

9.  Actual  combat  accuracy  of  rifle  fire  should  be  determined. 

10.  This  experimental  context  should  be  considered  for  training  use. 
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PURPOSE 

To  determine  the  relative  effectiveness  of  multipie-buiiet  and  single- 
ballet  rifle  ammunitions. 

An  experiment  was  performed  to  determine  hit  probabilities  with  salvo 
ammunitionts  in  combat-simulating  aimed  rifle  fire.  The  analysis,  incorporating 
factors  of  iethaiity  and  weight,  leads  to  conclusions  expressed  in  casualties  per 
salve,  per  time  unit,  and  per  weight  unit  for  aimed  and  unaimed  rifle  fire. 


HISTORY 

The  salvo  concept  is  by  no  means  new.  Probably  some  clever  caveman 
put  several  stones  in  his  sling  at  one  time.  Stories  exist  describing  the  prac¬ 
tice  of  some  tribes  in  early  modem  warfare  who  used  knives  to  split  their  lead 
bi^llets.  The  shotgun  is  an  example  of  extreme  salvo,  where  lethality  and  range 
capabilities  have  been  compromised  for  the  hit  increase  in  the  projection  of 
multiple  pellets.  The  massing  of  artlller>  fire  is  a  further  example  of  salvo, 
using  separated  launchers.  The  machine  gun  and  the  automatic  rifle  approximate 
the  fundamental  characteristic  of  salvo,  which  is  the  projection  of  more  than  1 
round  with  a  single  aiming  and  firing  effort. 

The  type  of  salvo  development  with  which  this  paper  is  concerned  appears 
in  the  1856  US  Army  Ordnance  Report.^  This  report  describes  fire  of  two  and 
three  round  bJ'ls  at  one  time  from  a  “rifle  musket.”  An  1882  US  Patent*  de¬ 
scribes  “Improvement  in  Compound  Bullets  for  Smali-Arms”  (Fig.  2).  Official 
concern  appears  In  the  1879  Ordnance  Report  to  the  Secretary  of  War.*  That 
report  includes  the  disclosure  and  subsequent  correspondence  of  Captain  of 
Ordnance  E.  M.  Wright,  who  proposed  the  use  of  a  tandem  salvo  round—three 
bullets  ncse-to-tail  In  a  single  cartridge  (Fig.  3).  Captain  Wright’s  efforts 
were  defeated  by  Captain  of  Ordnance  J.  E.  Greer,  whose  negative  report  was 
Indorsed  by  the  Chief  of  Ordnance.  An  overshadowing  development,  the  Intro¬ 
duction  of  the  magazine  rifle,  squelched  further  efforts  at  that  time. 

Li  early  1945  the  Nazis  reported  on  “Die  Inianterie  Doppeigeschosz.”* 

Their  report  describes  in  detail  the  development  and  testing  of  a  tandem  duplex 
rifie  round  and  several  modifications  (Fig.  4).  The  German  reports  indicate 
considerable  success  (Fig.  5)  and  plans  for  special  issue  in  1945  as  is  indicated 
by  the  following: 

PR0GRE38  REPORT  NO.  M  17  March  1945 

On  the  Preaentatlon  of  the  D- Ammunition  and  Dlscusston  at  Fiiedenth-I  on 
17  March  1»45 
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S«ibjf>ot;  Wha  of  D-Ammunltiim  for  Special  laaue 

(SS- Assault  groups) 

The  purpose  of  the  rrecentaticn  In  Flnow  was  to  issue  tbe  D-Ammuniaon  to  the 
battle  front.  S3  Hr  Ileess  proposeo  J-zt  rhls  new  type  of  luTantry  ammu- 

cH?oc  be  f*  ':t  Iciued  to  the  Pare.trowp  assaitlt  groups  ii  .rr  nossible  to  obtain  an 

tsrly  Ubac«I  rc"'  it  .c  *.  *ill  be  l;ept  100%  secret  S3  ti  •):  ^rdt  suggested  that 
7S-Ui^t.n  .^hurmann  take  part  in  the  tests  at  r*inov«. 

The  devoiopment  of  D- Ammunition  for  the  Pistoi  08  and  tbe  infrntry  Sturm 
rifle  is  also  as  urgent  as  for  this  caliber. 

ORO  analysts,  examining  the  operational  concept  of  small-arms  aimed 
fire,  recommei'dfcx.  Ln  1952*  the  development  of  a  weapon  designed  to  fire  slmi'' 
taneously  up  to  fivo  o)e:  tiles: 

1.  It  is  recorau«e  “*  ■*  that  -.so  Ordnance  Corps  proceed  to  determin*  '.ne  design  or 
technoioglcal  feasibility  or  ueveloplng  a  hand  weapon  which  has  tbe  characterlatics  cited 
in  this  analysis,  namely: 

8.  Maximum  hit  effectiveness  againr.t  man  targets  within  300-yd  range  (Fig.  6). 

(This  doee  not  mean  that  the  weapon  will  be  ineffective  beyond  this  range.) 

b.  Small  caliber  0«aa  than  .30). 

c.  Woundiug  espshility  up  to  300  yd  at  least  equivalent  to  the  present  rifle. 

d.  DlsperElon  of  rounds  from  salvos  or  bursts  controlled  so  as  to  form  s  patiem 
such  that  alining  errora  up  to  300  yd  will  be  partly  compensated,  and  bit  effectiveness 
thereby  increased  for  these  rangee. 

2.  As  one  possible  alternative  to  the  current  volume  of  fire  (fully  automatic) 
approach  to  the  problem  of  Increasing  the  effective  firepower  of  infantry  riflemen,  it  Is 
recommended— subject  to  ten^ttive  confirmstlon  of  daaign  fearlbllity— that  a  rifle  Incor¬ 
porating  at  least  In  ptiiiclple  the  military  characteristics  here  proposed  be  manufactured 
for  further  and  conclusive  teat. 

This  concept  ms  presented  by  ORO  to  the  US  Army  Chief  of  Staff,  Gen 
Lawton  A.  Collins,  who  directed  Ordnance  to  develop  materiel  to  evaluate  the 
proposed  concept.  In  response  to  this  order,  the  SALVO  Steering  Committee 
was  formed.  In  1953,  ORO  published  a  memorandum*  describing  the  theoretical 
performance  of  duplex  and  triplex  tandem  rounds  (Fig.  7).  Subsequent  Industrial 
development  and  testing  of  these  tandem  rounds  proceeded  under  the  direction 
of  the  SALVO  Steering  Committee. 

In  1954,  ORO,  In  response  to  a  request  from  the  SALVO  Steering  Com¬ 
mittee,  designed  a  field  experiment  to  determine  the  hit  probability  of  theta  idem 
salvo  round  In  almsdcombat  rifle  lire.  By  1 9  S6,  coordination  efforts  with  liallistlc 
Research  Laboratories  (BRL)  (s^eAppL)  and  other  interested  agencies  per¬ 
mitted  acceptance  of  the  ORO  list  plan  and  assignment  of  facilities  at  Fort 
Banning/  In  June  1956  the  experiment  wan  conducted  by  ORO. 

Tbe  recommendations  of  this  memorandum  are  essentially  the  same  is  the 
preliminary  rccommsndatlons  presented  In  an  earlier  report.*  These  conclu¬ 
sions  and  recommendations  have  already  been  disseminated,  and  In  some  part 
carried  out.  At  this  wrlUrig,  dtqilex  ammunition  is  being  procured  for  official 
user  test  with  both  Ml  sod  T14  rifles.  A  program  Is  under  way  (with  ai>parentJy 
Inadequate  priority,  however)  to  examine  the  shotgun  flechette  Improvement  with 
reduced  dispersion.  A  recommended  development  of  a  flechette  sldc-arm  or 
pistol  load  Is  currently  in  the  doldrums,  but  several  agencies  are  Intsreated  in 
siqiportlng  the  development. 
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uiter«Ht  la  th«  aalvu  rii'ie  program  has  resuiied  in  the  publication  of  other 
studies.  It  is  apornprlate  here  to  discuss  the  interpretation  o'  apparent  Incon¬ 
sistencies  that  have  been  noted.  The  most  pertinent  study  that  has  come  to  the 
writers’  attention  has  been  published  by  BRL.*  A  major  difference  between 
this  BRL  report  and  the  present  study  arises  from  the  effectiveness  criterion. 
The  BRL  study  is  based  on  the  criterion  of  “one  or  more  hits.”  This  criterion 
discriminates  against  a  salvo  load  in  failing  to  credit  multiple  hits  with  more 
lethality  ti'an  a  single  hit.  A  second  assumption  Is  an  unrealistically  low  aiming 
error  of  only  I  mil  (this  experiment  showed  3.3  mils  average  daylight  error). 

The  BRL  conclusion  Uiat  *  'her  no  consideration  is  the  duplex  bullet 
superior  to  two  independently  aimed  projectiles”  is  misleading,  since  it  is  true 
only  when  based  on  a  quite  inequitable  criterion:  one  duplex  firmg  vs  two  single- 
bullet  firings.  Two  Independently  aimed  projectiles  require  two  weapons  and 
two  men  for  the  same  opportunity,  or  a  repetition  of  the  opportunity.  The  sum¬ 
mary  tables  in  the  BRL  report  suggest  that  the  calculations  are  based  on  the 
unrealistic  assumption  of  no  holdoff  (elevation)  for  gravitational  drop.  The 
need  that  the  bRL  report  recognizes  for  theoretical  estimates  of  the  effective¬ 
ness  of  the  contzoUed  duplex  round  was  recognized,  and  a  publication  was  under 
way  simultaneously  with  the  BRL  report. “  The  BRL  criticism  that  OriO-SP-2* 
fails  to  emphaelze  the  superiority  of  the  .22-cal  carbine  is  accepted. 

The  totality  of  these  criticisms  negates  the  primary  BRL  conclusion  that 
“the  advantages  of  the  duplex  round  SALVO  rifle  are  marginal.”  The  authors 
of  this  memorandum  are  in  agreement  with  the  final  staieroent  of  the  BRL 
repiort:  “Any  promising  small  arms  should  be  finally  evaluated  on  their  mass 
effectiveress  against  anticipated  number  of  men  in  likely  patterns,  i.e.,  under 
service  conditlors.”  Furthermore  the  authors  believe  that  this  (ORO)  memoran¬ 
dum  has  made  a  substantial  effort  to  satisfy  this  condition  of  evaluation. 

A  second  study  of  direct  concern  has  been  made  by  the  Armour  Research 
Foundation  (ARF)  for  the  Springfield  Armory."  This  study  cor.rectly  concludes 
that  the  exact  form  of  an  optimum  salvo  has  not  been  determined  and  is  not  de¬ 
terminable  without  an  ambitious  program  of  basic  studies.  The  Armour  repoit 
Implies  that  experimental  materiel  developme.nt  on  items  such  as  the  duplex 
might  best  be  curtailed,  as  they  do  not  represent  theoretical  optimum  ammuni¬ 
tions.  Iji  the  light  of  practical  considerations  of  such  matters  as  lead  time, 
such  ar.  Implication  is  unwarranted.  The  practitioner  of  military  art  is  gener¬ 
ally  aware  that  the  materiel  he  accepts  in  order  to  maintain  a  status  ofprepare.l- 
ness  rs'.reiy  represents  the  theoretical  optimum,  and  the  satisfactory  item  is 
accepted  instead  of  waiting  for  the  perfect  item. 

The  Armour  conclusion  that  an  cptlmum  salvo  number  exists  is  in  itself 
very  tenuous.  Clearly,  radically  different  forms  of  salvo  will  yield  different 
optimum  numbers,  and  the  criterion  for  selection  among  these  types  will  surely 
transcend  11.6  theoretical  criteria  on  which  the  proposed  studies  would  be  based. 
Dollar  and  logistical  cost  and  development  time  are  significant  items  that  must 
modify  any  conclusions  from  a  theoretical  technical  itudy.  The  specific  proposal 
of  Armour  for  an  automatic  weapon  Is  of  course  worthy  of  separate  considera¬ 
tion,  provided  that  the  weapon  could  overcome  the  obvious  disadvantages  of 
automatic  fire  that  are  demonstrated  ir'  this  (ORO)  study. 

Another  salvo  study  hae  been  conducted  by  the  Midwest  Research  Institute 
(MRI).‘*  The  MRl  report  conclusion  that  “the  best  system  uncs  a  0-1  Flechette 
cartridge”  is  based  on  examination  of  cartridgee  of  04  or  less  flechettes.  It 
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appears  that  the  criterion  on  which  this  conclusion  Is  based  would  yield  tns 
more  general  conciusion  that  uie  best  auriber  of  salvo  prujeclilsa  1»  ILs 
mum  number  possible.  The  determinat.  on  of  an  optimum  number  requires  the 


application  of  additional  constraints.  MRl’s  conclusion^*  concerning  the  deslr< 
able  dispersion  of  flechettes  Is  In  reasonable  agreement  with  a  recent  study 
conducted  by  ORO.^* 


SALVO  EFFECTIVENESS 


The  objective  of  uiiliiary  (Ire  Is  either  to  riOutrallZe  or  tc  litfUct  casualties 
on  an  enemy.  Casualty  Infliction  in  turn  may  be  separaU.1  by  ta.rfet  character¬ 
istics  into  categories  designated  as  aimed  fire  and  unaimcU  fire.  The  applica¬ 
tion  of  the  salvo  principle  to  unaimed  area  fire  is  so  elementary  as  not  to  re¬ 
quire  speciiic  field  tests  at  this  time.  Because  area  fire  targets  are  charac¬ 
terized  by  a  dispersion  In  considerable  excess  of  the  dispersion  of  any  reason¬ 
able  salvo,  it  Is  clear  that  the  hits  are  merely  proportional  to  the  number  of 
bullets  per  saivu,  ignuriiig  variations  in  hit  probability  or  lethality  with  Taria- 
tlons  in  range  or  other  characteristics  of  the  targets,  hi  the  case  of  automatic 
fire,  the  definition  of  a  salvo  and  the  deterioration  of  aim  with  succeeding  rounds 
are  subjects  of  separate  consideration.  The  experiment  made  no  attempt  to  in¬ 
clude  area  fire. 

The  concept  of  measurable  effectiveness  of  earned  fire  has  throe  parts. 

The  stated  objective  of  aimed  fire,  “inflictlcn  of  casualties  on  targets,”  provides 
identification  of  the  three  essential  and  commensurate  elements.  To  “inflict,” 
the  target  must  be  hit  with  the  bullets,  implying  a  measure  of  hit  probability. 
“Casualties”  implies  a  mea  sure  of  the  casualty -producing  effect  or  lethality 
of  the  bullets.  Thirdly,  “targets”  implies  that  both  of  the  above  measures  must 
be  applied  to  the  enemy  target  system  that  is  anticipated.  The  first  two  parts 
of  the  concept  are  well  recognized.  In  general,  howvVsr,  earlier  efforts  at  rel¬ 
ative  evaluation  of  firepower  have  failed  to  provide  an  integrated  measure 
reflecting  the  anticipated  target  system.  As  an  operational  analysis  it  would 
appear  to  be  an  Incomplete  study  t^t  provides  only  a  table  of  potential  effective¬ 
ness  against  a  list  of  target  types.  The  authors  have  attempted  herein  to 
make  a  realistic  integration  of  anticipated  target  types  in  order  to  derive  a 
simply  expressed  measure  of  relative  effectiveness.  Wlthail,  the  design  retains 
the  capability  of  correction  of  these  measures  with  modification  of  our  model  of 
the  target  system. 

The  potential  hit  increase  of  salvo  rifle  fire  depends  on  the  existence  of  a 
fairly  large  error  in  combat  rifle  capability.  "Combat  expenditure  of  small 
arms  ammunition  per  hit  is  prodigious— some  8000  to  12,000  rounds.***  Meas¬ 
ures  of  rifle  aiming  error  indicate  that  wider  target-rmige  conditions,  riflemen 
achieve  errors  of  less  than  1  mil.  It  Is  evidsat,  hovsevcr,  that  typical  ccmoat 
error  is  larger.  From  a  preliminary  experiment,**  it  was  estimated  that  typical 
combat  rifle  fire  occurs  with  an  error  of  3  to  4  mils.  This  figure  is  the  linear 
standard  deviation  (o)  of  a  radially  normal  distribution,  and  may  be  interpreted 
aa  an  ave.rage  value.  Examination  of  weapons  used  in  this  test  Indicates  the 
typical  dlapersion  inherent  In  the  weapon— a  few  tenths  of  a  mil  (App  B).  Ex¬ 
terior  ballistic  errors  for  most  combat  ranges  {<300  yd)  are  likewise  generally 
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Fig.  B— Oupitx  and  Tripitx  Cartridges 
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much  less  than  3  cr  4  mils.  II  is  apparent  that  the  haman  aiming  error  repre¬ 
sents  the  preponderant  inllusnce  among  these  independent  error  sources,  des- 
spite  contention  to  the  contrary.^*  Ths  increase  of  hit  probability  then  becomes 
a  problem  of  overcoming  ths  predominant  human  aiming  error.  This  may  be 
accomplished  either  by  reduction  of  error,  or  design  of  a  mode  of  fire  com¬ 
patible  with  such  an  error.  No  recommendations  are  made  hers  regarding 
continuation  of  efforts  to  reduce  the  aiming  error  by  training  or  by  any  other 
method.  The  approach  of  this  study  Is  restricted  to  the  evaluation  of  materiel 
designed  to  increase  liie  hit  eapablllty  of  present  riflemen. 


AMMUNITIONS  TESTED 

The  salvo  system  deemed  operational  at  the  time  of  Investigation  was  ths 
tandem  round;  which  Is  actually  not  a  salvo  weapon,  but  a  salvo  ammunition 
ior  incorporation  in  conventional  small  arms.  TTis  primary  test  Item  is  ths 
duplex,  second  the  triplex  (Fig.  S)  with  slngls -bullet  ammunition  for  comparison. 
The  frcnt  duplex  bullet  maintains  dispersion  comparabls  with  an  ordinary 
single  bullst;  tlic  rear  bullet  of  a  pair  falls  in  a  narrow  ring  concentric  about 


Tasle  2 

Weapons  and  Ammunitions  Tested  in  the  SALVO  1  Experiment 
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61 
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41 

.22H;al  beret  fire 
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41 

T48  rifle 

.22-cal  aamiaetomeiic 
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2t0 

68 

.22'Cal  buret  fire 

3400 

280 

68 

1 2-fBga  aetoloadkii  akotRMi 

32  flecbattea 

1400 

720 

13 

the  front  bullet.  Ths  angular  spread  between  the  two  bullsts  Is  the  radius  of 
the  ring,  approximstsly  3  mils,  which  is  about  optimum,  being  the  width  of  a 
man-target  at  combat  range.**  Ths  .32-cal  carbins  and  the  T4t  afford  two  ex¬ 
amples  of  burst  (automatic)  fire— with  ssmlautomatic  fire  for  comparative  con¬ 
trols.  These  .22-cal  wsapcns  were  selected  as  tlioss  available  offering  the 
least  climb— ths  best  hold  on  target  for  a  salvo  burst. 

The  32-flechette  load  was  tested  ss  ths  most  promising  of  several  flecbstts 
developrasBts.**  Figure  0  Miows  tbs  test  amomnltions  and  nominal  character¬ 
istics.  Ths  msajursd  charactsristics  are  given  in  Table  B3,  App  B. 

Four  types  of  weapon  were  used,  and  a  total  of  sight  dUfereat  combinstioos 
of  weapon  and  ammunition  or  typee  of  firs  were  tested.  These  eight  comblas- 
tioes  are  shown  la  Table  2. 
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SALVO  I  Target  Systew  Layout 
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To  describe  cuinbaf.  tar{eU  in  terms  of  seven  charmcteristics  that  criti¬ 
cally  affect  aiming  error  as  shown  in  Table  3,  a  questionnaire -interview  was 
admirJstered  to  veteran  riflemen  (App  C). 

A  study  of  the  infojmation  obtained  ied  to  the  adoption  of  two  target 
systems— one  for  daytime  ftre  and  one  for  nighttime  firs.  Each  ri  these  sys¬ 
tems  was  composed  of  72  pop-\q}  (Cocky  Ken)^*  targets,  10  of  which  were  com¬ 
mon  to  both  systems,  ni-iking  a  totai  of  34.  The  tarsrtts  wt?re  exposed  by  epring- 
loaded  mechanisms  for  time  durations  of  3  to  34^^  sec.  None  of  the  targets  was 


^  Oiit*  MvffcivMiD  C^p* 

Fig.  10— Blank-Fire  Rifle  ond  Target 


scheduled  for  exposure  simultaneously  with  another,  and  the  intervals  between 
successive  target  exposures  were  varied.  The  sum  of  the  echethiled  exposure 
times  lor  the  22  targets  during  a  day  run  was  220  sec,  and  the  total  time  for 
the  run  was  1%  tnhi.  This  means  that  during  a  run  some  target  was  scheduled 
for  exposure  during  about  half  the  total  time  for  the  run.  Three  erf  the  targets 
moved  laterally  during  exposure.  Target  activity  was  indicated  by  blank  fire 
at  hall  the  target  positions  (Fig.  10). 

The  10  firing  positions  were  on  a  30-yd  firing  line.  Tbs  ranges  from  the 
firing  line  to  each  of  the  34  target  positions  and  other  characteristics  of  these 
targets  are  shown  In  Table  4.  Target  sisss  were  limited  to  two:  E  (kneeling) 
and  F  (prone)  silhouettes  (F  shown  in  Fig.  11).  The  minimum  target  range 
was  limited  lor  safety  to  50  yd.  The  maximum  range  of  350  yd  reflects  the 
occurrence  of  95  percent  of  combat  targets  within  that  range  (App  C).  Varia¬ 
tions  in  visibility  were  limited  to  three:  day,  e.'tposed;  day.  partly  concealed; 
and  night,  expr.sed. 
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CiMtwr  ^  ChnaiaW  Cmrp. 


Fig.  11— F  (Pfon*)  Targtt  in  Up  Position 


CawrtMy  W  OlM  AtaffctVMn  ChmmtamI  Cfp, 
Fig.  12— Firing  tin*  Showing  Sitting  Position  with  Elbow  Root 
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The  aisiing  error  also  Cu  the  rifleman  (Table  5).  To  make  the 

experiment  cpplicable  to  typical  US  riflemen,  four  average  I0>man  equadswere 
ccnstliuted  of  riflemen  of  Quallficationa  in  the  same  proportion  that  occurred 
in  the  3d  Div;  one  expert,  four  aharpe hooters,  four  marksmen,  and  one  unqual¬ 
ified.  In  addition,  one  better  and  one  worse  squad  were  tested.  The  firing  po¬ 
sitions  were  limited  to  two:  a  stable  aiming  position,  raised  enough  for  all  men 
to  see  all  targets,  sitting  with  elbow  rest  (Fig.  12);  and  a  poor  aiming  position, 
standing.  Detonation  chai  ges  in  the  target  area  and  recorded  battle  noises  added 
com'usion  for  the  riflemen.  In  addiiion,  the  riflemen  vere  subjected  to  electrical 
shocks  al  irregular  intervals  during  the  runs  by  means  of  wires  attached  inside 
the  boot. 


Table  5 

Troop  Qia  hactcristics 

Qaalificktion  Better,  everere,  worae 

PoeitioB  SittiSK,  aUiMilas 

Stresa  Shock  aini  noiae 


To  recapitulate,  each  target  system  was  then  composed  of  22  Cocky  Ken 
targets,  3  of  whlcit  were  capable  of  lateral  movemeni,  and  11  of  which  returned 
blank  fire  kFiga.  13  and  14).  There  were  20  demoliiion  posiiions,  including 
nltrostarch  charges  to  simulate  artillery,  and  blasting  caps,  readily  confused 
with  rifle  fire.  Sq  xads  were  deployed  on  a  50-yd  line.  For  uniform  visibility, 
night  firings  were  conducted  with  limited  floodlighting. 

The  entire  program  of  target  appearances,  target  movements,  demolitions, 
blank  firings,  and  »trrs*  shucks  had  to  be  precisely  reproducible  lor  a  controlled 
experimeni.  To  accomplish  this,  electrical  controls  were  plugged  into  a  specially 
built  programmer  before  each  run.  To  start  a  run,  it  was  nec'RSsary  only  to  push 
the  starting  button;  operation  was  then  automatic  lor  7%  min. 

The  entire  schedule  was  composed  of  68  runs.  Only  two  runs  were  allotted 
to  the  flechette  Icsi,  owing  to  limitation  on  available  ammunition.  Each  of  the 
other  types  of  fire  was  scheduled  to  lire  from  the  sitting  position  both  day  and 
night,  and  from  the  standing  position  in  the  day  (Table  6). 

Deletion  of  most  of  the  planned  triplex  runs  was  necsssitatsd  by  a  mal¬ 
function. 

The  Cocky  Ken  targets  drop  on  schedule,  noi  when  hit.  There  were  no 
simultaneous  target  sf^arances,  and  the  order  of  target  appearances  was 
varied  between  runs.  Ammunition  expenditure  was  unlimited. 

Physical  detrils  of  the  test  system  may  be  seen  from  motimi  pictures  taken 
during  the  experimeni.  OBO  has  prepared  a  6-min  film  showing  the  installation 
and  operation  of  the  teet  aystem.  included  are  pictures  of  installation  of  the 
electrically  operated  targets,  installaticn  of  track  for  the  moving  targets,  zero¬ 
ing  and  familiarization  fire  of  the  test  •veapoas,  and  a  visw  of  the  several  special 
devices  (stress  shockers,  shot  recorders,  and  target  hit  recordars).  The  films 
also  show  fire  on  targets  during  runs,  revsaling  the  general  pattema  of  fire,  and 
giving  a  clear  picture  of  the  environment  of  the  test. 
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The  test  plan,  Including  a  summary  of  requirements  drawn  up  in  December 
i955,  appears  as  Annex  LI  to  App  L.  This  annex  describes  the  elements  behind 
the  questionnaire  of  App  C  for  determination  of  the  target  system,  and  outlines 
that  system.  It  also  outlines  a  schedule  of  firings  and  a  list  of  the  various  re¬ 
quirements.  In  addition,  App  L  discusses  the  adequacy  of  this  test  plan,  and 
points  up  the  considerations  favoring  it  over  others.  Considerably  more  detail 
on  the  statistical  validity  of  the  test  plan  is  given  in  App  M.  A  master  schedule 
of  the  actual  experimental  runs  is  ^Iven  in  Table  L2. 
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INSTRUMENTATION 

The  operation  of  all  targets  was  controlled  by  a  programmer,  which  was 
set  before  e.trh  run  by  means  of  a  patch  board  of  300  sockets.  Eight  different 
programs  for  daytime  runs  and  four  different  programs  for  nighttime  runs 
were  used.  The  different  programs  presented  the  targets  in  different  sequences, 
but  the  times  of  exposure,  and  the  intervals  prior  to  target  exposure  after  the 
preceding  target  dropped,  were  held  constant  for  a  given  target.  The  intervals 
between  target  appearances  varied  from  6  ‘o  ISVi  sec. 

For  recording  shots  fired,  each  test  rifle  was  equipped  wiln  a  specially 
constructed  switch  within  the  trigger  mechanism.  The  switch  was  closed  with 
eacn  trigger  pull,  which  fed  impulses  to  an  Esterline -Angus  recorder.  Separate 
channels  were  used  for  recording  ths  shots  from  each  of  the  10  firing  positions. 

For  recording  the  number  of  hits,  each  target  silhouette  was  covered  with 
two  sheets  of  electrically  conductive  rubber  with  an  insulating  rubber  sheet 
sandwiched  between  them.  The  possace  of  a  bull-*t  through  the  sandwich  caused 
a  momentary  electrical  connection  between  the  conductive  rubber  sheets.  The 
completion  of  the  electrical  circuit  between  the  Pvo  conducting  sheets  activated 
a  mechanical  counter,  and  also  recorded  on  s  continuously  advancing  roll  of 
paper.  The  circuitry  permitted  the  separation  of  hit  impulses  to  stout  1  msec, 
which  permitted  recognition  of  multiple  hite.  It  was  also  posslbls  to  idsntify 
shots  firsd  with  hits  scorsd. 

Ths  demolition  charges  in  ths  target  ares,  and  the  blank-firing  rifles  were 
controlled  by  the  programmer  to  persoit  precise  prescheduling 
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At  eacii  ailing  puttiUuii.  a  iuuery  and  hign-vojiage  coil  were  connected  to 
eiectrodca  that  could  be  slipped  into  the  riileman’s  boot.  Under  control  of  the 
programmer,  shocks  were  delivered  to  the  rifleman  to  simulate  battle  stress. 
The  shocks  could  not  exceed  lOVs  ma  In  current,  but  produced  jolts  of  up  to 
5300  volts. 

In  view  of  the  complexity  of  the  instrumentation  fur  the  SALVO  1  experl - 
meitt.  It  is  nut  surprising  that  many  malfunctions  occurred.  It  seeiite  clear 
that  the  electrical  data  should  be  appropriately  adjusted  to  e!lmi.nate  the  effect 
of  malfunctions  as  far  as  possible. 

Fortunately,  many  qiwstions  of  interest  can  be  studied  find  conclusions 
reached  on  the  basis  of  manual  counts  of  ammunition  used  and  holes  in  target 
faces.  The  major  portion  of  the  analysis  in  this  paper  is  on  this  basis.  Inves- 
tiga'  on  of  hits  by  individual  riflemen  on  Individual  targets  r«cj«.’ire»  the  use  of 
the  electrical  data,  since  no  manual  count  of  this  kind  Is  available;  likewise 
identification  of  multiple  salvo  hits  requires  the  electrically  recorded  chrono- 
iogical  hit  record. 


PREDICTIONS 

Before  It  Is  determined  that  there  Is  some  reason  for  conducting  an  ex¬ 
periment,  there  la  gei.e rally  some  knowledge  on  which  imperfect  predictions 
of  the  experimental  results  can  be  made.  The  reason  for  conducting  the  ex¬ 
periment  is  to  verify  the  uncertain  assumptions  on  which  such  predictions  may 
be  based,  and  to  demonstrate  with  greater  accuracy  and  greater  reliability  the 
differences  being  discussed.  In  the  instance  of  the  salvo  assumptions  tested 
In  this  experiment,  a  good  deal  of  specific  detailed  information  was  available. 

The  theory  of  tlie  controlled  duplex  pattern  was  already  understood.^*  The 
patterns  of  both  the  random  triplex  and  the  flechette  loads  w'*^*^  «*-'■  rc.;^>muiy 
well  predicted.^*  In  addition,  basic  information  on  rifle  aiming  errors  was  also 
on  hand.**  These  earlier  examinations  of  the  salvo  patterns  were  readily  applied 
to  the  salvo  target  system  to  yield  quantitative  predictions  on  the  number  of 
rCiunde  to  be  fired  and  the  number  of  hits  of  each  kind  e]q;>ected. 

Appendix  M  discusses  these  predictions  in  detail.  Table  M3  presents  the 
predicted  hits  and  rounds  fired  for  day  and  night  nxns,  and  compares  the  pre¬ 
dictions  with  the  experimental  results,  showing  reasonable  agreement.  Hie 
duplex  hit  prediction  In  App  M  is  devoted  to  a  generalized  theoretical  prediction 
fur  controlled  duplex  hits.  The  triplex  and  flechette  hit  predictions  ere  also 
presented  In  App  M.  Fla'tlly  Tables  M12  and  M13  compare  In  summary  form 
the  prediction  and  experimentally  achie'  ed  data.  The  sgreemeni  Is  such  as  to 
justify  the  experiment— l.e..  It  is  close  enough  to  demonstrate  that  the  order 
of  magnitude  of  differences  was  anticipated,  and  it  la  poor  enoui^  to  warrant 
the  experiment  rather  than  rely  on  the  tlieorstlcal  predict i< ms  aions. 

Finally  tl.e  experimental  design  itself  la  ixmghly  jus.tfled  by  the  predicted 
deviations  shown  In  Table  M14.  This  tsble  compares  the  predicted  bit  probe - 
bllltiei  of  duplex,  triplex,  and  flecbelte  aamualticn  with  the  etiifle -bullet  con¬ 
trol.  Approxinate  standard  devlalloits  ars  then  deduced.  The  slgalf leant  con¬ 
clusion  la  that  aach  predicted  anlvo  value  differs  from  the  single -bullet  value 
by  St  least  thrss  predicted  standard  deviations  Thin  may  be  laterpreted  as  a 
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prediction  that  the  experiment  U  design  is  adequate  to  determine  these  desired 
ratios  with  acceptable  reliability 

A  companion  theoretical  consideration  made  in  conjunction  with  these  pre¬ 
dictions  is  the  determination  of  the  iifle  zero  setting  for  the  experiment.  This 
is  discussed  in  App  M  under  the  seciion  "Combat  Zero."  The  desired  zero 
setting  for  the  test  weapons  is  defined  as  that  setting  which  results  in  the  min¬ 
imum  value  of  total  miss  distance  for  all  target  hits  due  to  gravitational  drop. 
An  interesting  resvH  of  the  computations  is  that  this  zero  setting  is  insensitive 
to  variations  among  the  test  ammunitions.  The  result  is  apparently  character¬ 
istic  of  the  target  system.  The  daytime  target  system  yields  an  optimum  zero 
setting  of  165  yd.  All  test  weapons  were  accordingly  zeroed  at  165  yd  for  both 
day  and  night  firings. 

DATA 


The  basic  data  are  the  manual  count  of  rounds  of  ammunition  expended 
and  the  manual  count  of  target  holes  for  each  run.  In  addition,  electrical  re¬ 
cordings  were  made  of  shots  fired  by  each  rifleman  during  the  time  each  target 
was  exposed,  and  of  hits  made  on  that  particular  target.  Malfunctions  were  ex¬ 
perienced  in  the  instrumentation,  so  that  serious  disagreement  exists  between 
the  manual  count  of  rounds  and  holes  and  the  electrical  recordings  for  corres¬ 
ponding  shots  and  hits.  A  method  for  adjusting  these  electrical  data  has  been 
developed  to  minimize  the  effect  of  malfunctions.  The  adjusted  data  tables 
support  the  conclusions  reached  with  the  unadjusted  or  raw  data  tables. 

Preliminary  reports  have  been  prepared  by  ORO  on  the  SALVO  I  experi¬ 
ment. The  Systems  Analysis  Corporation  undertook  statistical  analysis  of 
the  SALVO  I  data  under  subcontract  to  ORO.‘* 

In  analysis  of  the  data,  variance -analysis  technique.^  and  selected  statistical - 
significance  tests  have  been  used  in  weighing  the  possible  effects  of  the  heavy 
random  error  that  was  evident  In  some  of  the  preliminary  analyses.  The  ana¬ 
lysis  scheme  ^nerally  has  been  based  on  the  assumption  that  the  SALVO  I 
data  are  samples  from  parent  populations  whose  parameters  have  been  esti¬ 
mated.  The  significance  levels  of  differences  that  may  represent  real  effects 
of  known  changes  in  controlled  variables  have  been  calculated.  In  this  way  the 
possibility  that  these  differences  may  in  fact  stem  from  random  error  (or 
sampling  variations)  has  been  considered. 

The  totals  of  rounds  fired  and  hits  scored  for  each  of  the  68  runs  were 
tabulated  as  the  basis  for  analysis.  The  largest  categories  of  differences  are 
(a)  difference!  among  the  several  types  of  test  ammunition;  (b)  dilfernnces 
among  the  three  conditions  of  firing  (day  sitting,  day  standing,  and  night  sitting), 
and  (c)  differerces  among  the  six  squads. 

Table  7  is  a  summary  uf  the  comparisons  that  caji  be  made  from  the  re¬ 
sults  of  the  SALVO  I  experiment.  It  Is  seen  that  standard  single-bullet  ammu¬ 
nition  was  used  on  a  total  of  18  runs;  10  day  sitting,  i  day  standing,  and  4  night 
sitting.  Duplex  ammunition  was  used  on  a  total  of  M  runt;  8  day  sitting,  3  day 
standing,  and  3  night  sitting.  The  results  of  each  uf  these  14  duplex  runs  can 
be  compared  with  the  results  of  a  corresponding  single-bullet  run 
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Tible  1  tliat  only  two  runs  usiriK  triplex  ammunition  were  rompicted. 

Additional  triplex  ammunition  run«  v'erc  originally  scheduled,  but  were  can¬ 
celed  and  largely  replaced  by  duplex  runs. 

The  last  four  lines  of  runs  tabulated  in  Table  7  show  that  balanced  com¬ 
parisons  can  be  made  among  the  following  four  types  of  rifle  fire:  carbine 
a-  lomatir,  carbine  semiautomatic,  T48  automatic  and  T48  semiautomatic.  The 
results  of  one  run  for  each  of  Uie  four  average  squads  (A.  B.  C.  and  D)  are 
available  lor  comparisons  of  these  types  of  fire  f'lr  the  day-sitting  firing  con¬ 
dition  Squads  B  and  D  made  t:ach  of  these  four  ijpes  a:  run  for  day  standing, 
and  Squads  A  and  C  made  similar  runs  for  night  sitting.  The  balance,  with  re¬ 
spect  to  squad  and  illumination-position  condition,  among  ^he  32  runs  discussed 
in  this  paragraph  (and  listed  on  last  four  lines  of  the  tabic),  enables  one  to  use 
standard  variance -analysis  techniques  to  weigh  the  possibiiitiej  of  chance 
accounting  for  the  observed  differences  in  results. 


Tabi  e  7 
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It  is  seen  that  12  pairs  of  runs  using  single-bullet  and  duplex  ammunition 
are  available  from  which  possible  learning  the  squads  during  the  experiment 

can  be  assessed.  This  balance  in  experience  gained  between  pairs  of  runs  by 
the  same  squad  enables  the  authors  to  evaluate  the  learning  effect  with  greater 
confidence  than  would  be  possible  In  a  less  systematic  arrangement  of  runs. 

The  last  four  runs  (65-68)  were  made  by  the  expert  (E)  and  unqualified 
“bolo*’  (F  squads. 

All  the  data  described  above  are  recorded  in  App  E.  The  detailed  infor¬ 
mation  on  roundn  flrsd  and  hits  scored  is  listed  in  Table  E4.  Most  of  the  sig- 
nlfirsnt  conclusliins  arc  from  ah-  by  run,  which  are  summarised 

in  Tabls  Ld.  In  addition  a  detailed  list  of  weapon  maii unctions  is  included  In 
ths  19  parts  of  Table  £5.  Deductions  of  multiple  hits  from  the  chronological 
records  »T-e  presented  in  App  O.  Target-system  malfunctions  and  observed 
cordltlons  of  weather  and  lighting  are  included  in  Table  E4. 

The  adjustment  of  data  to  correct  for  malfunctlona  and  other  obeerved 
variatlona  are  described  in  detail  In  App  F.  Tables  FI  to  F19  show  the  ad¬ 
justments  rmde  on  bit  records,  target  by  target,  and  run  by  run.  Tables  F20 
to  F38  show  the  same  informstlen  for  rounds  fired.  The  method  o.  discarding 
Incomplete  portions  o-f  data  is  not  used  In  this  analysis.  The  reasm  for  reject¬ 
ing  thia  technique  becomes  quite  evident  when  it  is  attempted— the  categorlew 
amenable  to  comparison  depend  la  such  complex  fashion  on  the  individual  pieces 
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of  data  thtti  diacai-dinu  «ven  a  small  percentage  of  the  total  data  leaulU  kUI- 
mateiy  in  diacardlng  far  too  great  a  proportion  of  the  aummai^  data  to  yield 
useful  results.  For  exampie,  If  targets  with  only  one  malfunction  in  all  the 
68  runs  are  discarded  from  all  of  the  runs,  few  If  any  of  the  targets  yield  total 
figures.  However,  where  an  obvious  malfunction  has  affected  a  piece  of  data, 
the  erroneous  data  have  h.:en  eliminated,  and  replaced  wltli  a  prorated  value. 
For  example,  if  in  Run  4  target  10  wna  known  to  remain  erected  beyond  Us 
proper  exposure  time,  the  recording  of  too  large  a  number  of  rounds  fired  is 
aniicipaleu.  It  would  be  a  statistical  luxury  inat  could  not  be  afforded  to  dis¬ 
card  all  the  other  50  daytime  values  for  target  10  because  of  this  single  recog¬ 
nized  error.  Instead,  the  excessive  value  is  replaced  by  a  predicted  valu..  U>at 
is  an  average  for  that  target  aid  that  type  of  run.  it  turns  out  that  13  percent 
of  the  hit  and  round  data  Is  adjursted  in  this  fashion.  Many  of  the  later  analyses 
Illustrate  that  the  adjustment  dues  not  signillcantiy  affect  major  conclusions. 
That  Is,  dual  analyses  with  botlj  raw  and  adjusted  data  yield  slmila'*  results. 

The  adjusted  hit  and  rounds -fired  data  are  summarized  by  run  in  Table 
F41  (corresponding  to  the  raw-data  Table  E6).  The  flechette  results,  being 
quite  incomplete  are  handled  differently.  Instead  of  adjusting  these  grossly 
Incomplete  flechette  results  to  perfect  runs,  tin-  comparable  single -bullet  data 
are  adjusted  to  match  the  Incomplete  flechette  data.  This  adjustment  Is  ex¬ 
plained  In  detail  in  App  F. 

Aopendix  N  summarises  both  tiic  weapo:;  and  target  .system  malfunctions. 
Table  N2  shows  four  categories  of  weapon  malfunction  ior  eacn  oi  nme  types 
of  fire,  with  a  grand  total  of  two  malfunctions  per  100  rounds  fired.  Table  N3 
shows  a  trivial  0.1  percent  trigger-switch  failure  In  recording  rounds  fired, 
and  u  very  substantial  21  percent  error  in  hit  recording;  l.e.,  one  of  the  five 
categories  of  electrical -hit -recording  failure  occurred  21  times  for  each  100 
hits.  Corresponding  target -ope  rat  ion  maUimctlon  le  noted  in  Table  N5  to  be 
11  percent. 


STATISTICAL  ANALYSIS 

The  experimental  data  were  subjected  to  detailed  statistical  analysis  with 
the  assistance  of  the  Systems  Analysis  Corporation.^*  These  discussions  are 
presented  primarily  In  App  J.  In  App  J  the  basic  data  examined  are  the  number 
of  hits  per  run  and  number  of  hits  ^vlded  by  the  number  of  rounds  fired  per 
run.  The  experiment  provides  eight  types  of  ammunition  and  three  conditions 
of  fire,  with  three  omissions.  These  21  ammunitton-lilumlnation-posltlon 
combinations  (AIP  combinatiems)  then  provide  four  data  each;  hits  and  hit 
probabilities,  both  raw  and  adjusted.  These  84  numbers  as  presented  In 
Table  J2  form  the  basis  for  comparisons. 

Appendix  J  Is  then  devoted  to  deduction  of  differences  and  ratios  among 
the  various  ammunitions  and  conditions,  and  the  establlrhment  by  analysis  of 
variance,  by  test,  and  by  deduction  of  standard  deviations  of  the  reliabilities 
or  significance  of  these  differences  and  ratios.  The  major  differences  a.^'e 
summarized  as  ratios  of  hits  and  hit  probabilities  In  Table  Jl.  Figures  J2 
and  J;f  are  striking  graphical  presentations  of  the  consistent  differences  among 
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the  iijajui  ieuL  iieitis— single-bullet,  duplex,  and  triplex  ammunitions.  Although 
it  is  difficult  to  make  a  simple  summary  ol  the  many  detailed  reliability  or  sig¬ 
nificance  Jests  in  App  J,  it  is  generally  clear  that  the  major  differences  for  run 
totals  as  listed  in  Table  J1  are  quite  real. 


SEPARATION  OF  EffECTS 

Appendix  K  presents  the  major  results  of  the  experiment.  In  this  analysis 
the  number  of  hits  and  the  number  of  rounds  fired  per  run  are  selected  as  the 
basic  data  lor  analysis.  Hits  per  round  or  hit  probabilities  are  discussed  only 
after  these  basic  data  are  appropriately  reduced.  Appendix  K  Is  further  arbi¬ 
trarily  based  exclusively  on  the  adjusted  data  of  App  F  rather  than  on  the  raw 
ds*a  of  App  E. 

The  method  of  isolating  effects  of  ammunitions  and  other  effective  param¬ 
eters  is  to  sequentially  reduce  the  data  by  eliminating  mean  differences. 

Thus  the  entire  experimental  data  are  used  In  examining  for  each  effect.  For 
example,  If  the  difference  between  duplex  and  single  bullets  is  eliminated,  then 
all  sitting  nms  with  both  ammunitions  may  be  compared  against  all  standing 
runs  with  both  ammunitions.  It  is  quite  clear  that  such  comparisons  Ignore 
interrelations  among  these  effect*  Nonetheless  rough  measurea  uf  Uie  Hem- 
rs.tad  1^1  UBS  ellecis  are  aesired.  This  sequential  reduction  procedure  is  made 
necessary  owing  to  the  imbalance  of  the  experimental  data.  The  reductions 
are  made  in  two  stages.  The  first  stage  yields  results  for  each  ammunition 
under  each  condition  of  illumination  and  firing  position.  The  second  stage  fur¬ 
ther  combines  still  grosser  means,  so  that  ammunitions  may  be  compared  with¬ 
out  reference  to  illumination  and  position,  and  also  provides  a  measure  of  the 
effects  of  illumination  and  position  themselves. 

Borrowing  from  the  tables  of  App  K,  the  following  tables  (8  to  12)  com¬ 
pare  the  results  in  two  measures:  hits  H  and  hit  probabilities  or  hits  per  round 
fired  P//.  All  the  data  toliowring  may  be  deduced  directly  from  Table  K5  and 
Table  K15. 

The  learning  effect  is  quite  evident  in  terms  of  absolute  hits  H.  For  each 
successive  run  by  any  squad,  the  number  of  hits  increased  by  about  2.0  percent 
per  nm.  As  ihe  regular  squads  fired  as  many  as  18  runs  each,  this  resulted 
in  a  total  increase  of  about  40  percent  more  hits  on  the  last  run  than  on  the 
first  run  fired  by  the  same  squad.  From  Table  K5  it  is  clear  also  that  the 
number  of  rounds  fired  increases  at  almost  precisely  the  same  ratio;  hence 
the  hit  probability  is  practically  constant.  The  computed  average  shows  a  total 
reduction  of  2  percent  in  hit  probability  over  the  16  runs,  or  an  average  relative 
decrease  of  only  0.1  percent  per  nin— a  quite  insignilicant  charge. 

The  squad  differences  are  also  deducible  from  Table  K5.  i£  we  set  the 
average  of  the  so-called  "regular”  squads  (A,  B,  C,  and  D)  at  1.00,  the  relative 
hits  and  hit  probabilities  by  squad  are  as  shown  in  Table  R. 

The  effectiveness  of  salvo  ammunitions  is  compared  to  sLngle -bullet  am¬ 
munition  for  each  of  the  illaminatlcn -position  conditions  in  Table  9. 

Table  10  compares  autom-tUc  to  semiautomatic  fire,  combining  the  two 
comparable  weapons  (carbine  and  T46). 
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Tabi.k  R 


IIaTIOS  OFINIHVIDC  Al.  Soi  AOS 
iu  \ncn  wmAGF 


SquMct 

H 

A 

l.OR 

0.9.1 

n 

1.08 

1.15 

c 

0.55 

O.w 

n 

0.88 

0.95 

F.» 

1.8Q 

l.U 

Fb 

l.Ol 

0.80 

•ir»p«rt  aqaad 

^Bolo  aqaad. 


Tasle  ^ 


Katios  OF  Efffc.ivenf-ss  OF  Di'plex,  Triplex,  awd 
E'i.f.cheti  e  Ammunitions  to  Single  Bullet  Ammunition 


Amman  it  i -MS 
compared 

If- 

H 

Ouplox  to  aiagit 

Ray  aitting 

1.59 

1.64 

Ray  atandiag 

1.86 

1.64 

'^ight  aittiakt 

1.67 

1.86 

Tripla.i  to  aiagla 

Ray  aittiog 

1.77 

2.25 

Flackatta  to  aiagle 

Day  alanding 

1.84 

3.20 

Migl  i  itandii. g 

3.43 

7.70 

"Illnmination  nad  poaition  firing  condition. 


Table  10 


Td  c  1  J 

Ratios  of  Kffkctivf.ness  of  f  Lft  and  Carrinc  to  M) 


Ratios  of  Kffcctivene.ss  of 
\utomatic  to  Seviadtomatic  Rrf 


IP 

H 

(‘H 

Ray  aittiag 

0.66 

0.44 

Ray  ataadiag 

0.62 

0.42 

Night  aittiag 

0.87 

0.58 

Weapons 

compared 

IP 

H 

T4H  lo  Ml 

Ray  aittiag 

1.19 

1.17 

Ray  alaadiag 

1  23 

0.89 

Night  aitling 

1  95 

2.10 

Carbine  to  Ml 

Ray  aittiag 

1.18 

1.50 

Ray  ataadiag 

1  59 

1.12 

Night  aittiat 

0.62 

0.64 

Table  12 

Roucii  Grouped  Ratios 


llaai  or  coaditioa  compared 

H 

.Staadiag  to  aittiag  (dayl 

0.89 

0  70 

Night  la  day  (aittiag) 

0.38 

0.32 

Aataatolir  la  aennaaloniatia  lire 

0.71 

0  47 

Carhtaa  to  Ml 

1.80 

111 

T48  la  Ml 

I  39 

1  31 

Raplei  la  SiagI* 

1  67 

1  70 

» 
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Table  11  cumpar«i  the  T4B  and  the  carbine  to  the  Mi. 

Following  a  oicre  ccmpiste  separation  of  effect*  as  pressrited  in  Table  K1& 
(App  K),  it  ia  posaible  to  combine  some  of  the  separate  conditions  of  Tables  8 
to  ii  in  Tabic  12. 


MISCELLANEOUS  EFFECTS 

in  addition  to  the  reduction  and  isolation  of  differences  in  Apps  J  and  K, 
separate  analyses  were  made  of  several  effects.  Appendix  G  examines  squad 
and  qualification  differences;  App  H  examines  learning;  App  I  examines  the 
rate  of  fire ;  and  App  P  isolates  effects  of  target  characteristics. 

T.he  squad  analysis  of  App  G  agrees  quite  well  with  App  K.  Tables  G8 
and  G12  show  good  agreement  with  Table  8  (from  App  K).  More  interesting 
is  the  deduction  of  the  relative  ratings  of  the  several  qualifications  from  the 
squad  ratings  and  the  lotown  squad  compositions,  which  is  stated  in  Aiq>  G. 

From  App  G,  for  expert  rated  at  100  in  hit  probability,  sharpshooter  scores 
88,  marksman  scores  75,  and  usquaillied  scores  43. 

The  separated  learning  effect  from  App  K  was  already  shown  to  be  2  per¬ 
cent  Increase  per  run  for  both  hits  and  rounds  fired.  The  corresponding  anal¬ 
ysis  of  App  H  yields  about  a  2  percent  increase  for  rounds  fired  and  a  3  per¬ 
cent  Increase  for  hits.  It  is  concluded  that  the  2  percent  per  run  Increase  in 
the  fif  tir*  '•***1,  thilt  the  additional  indicated  I  percent  inercaoC  in 
hits  is  questionable. 

Appendix  I  examines  the  chronologlcai  firing  record.  First  the  steady  rate 
of  fire  is  computed.  A  figure  of  17  rounds/min  is  deduced  for  single -bullet  day - 
sitting  fire,  15  rounds/min  for  all  Ml  rllie  runs,  including  dniy  standing,  and 
night  sitting  as  well  as  day  sitting.  A  rough  average  is  16  rounds/min. 

The  computed  average  lag  time  to  achievement  of  this  steady  rate  is  1.77 
sec.  This  is  the  extra  time  to  acquire  and  swing  onto  a  new  target.  Average 
time  from  target  appearance  to  first  round  is  1.77  sec  plus  something  less  than 
the  steady  rate  interval  of  3.56  sec,  or  5.4  sec.  This  observed  practice  is  con¬ 
sistent  witii  the  recommended  optimum  of  3.5  sec.  (1.8 <3. 5< 5.4).'^' 

The  record  also  provided  evidence  of  fire  continuing  after  target  disappear 
ance.  About  12  percent  of  all  fire  comprised  this  late  fire,  which  continued  for 
an  average  of  1%  sec  after  each  target  dropped.  It  is  thought  that  typical  values 
might  be  smaller,  because  the  dusty  condition  of  the  experiment  occasionally 
obecured  target  disappearance,  and  hence  encouraged  late  fire. 

The  effects  of  individual  target  characteristics  on  hits  and  rounds  are 
examined  in  App  P.  The  major  effects  on  rounds  fired  are  quite  naturally 
found  to  be  exposure  time  and  concealment.  The  Dumber  of  rounds  fired  is 
proportional  to  target  exposure  time  (less  1.77  sec  lag  time),  aiKl  is  about  25 
percent  less  for  concealed  targets.  The  smaller  targets  receive  about  10  per¬ 
cent  less  fire  than  the  larger  targets.  Target  size,  movement,  and  blank  fire 
have  small  effect  on  rounds  fired. 

UiU  are  also  proportional  to  exposure  time  (minus  1.77  sec).  UlUalso  de¬ 
crease  with  range  (cc  i/R*).  Also,  for  targets  of  approximately  half  size,  hits 
drop  to  atxwt  30  percent,  or  64  percent  of  the  hita  per  target  erea.  In  addiUon 
the  targets  exiiosed  shortest  (3  and  4Vi  sec)  ars  hit  some  SO  percent  less  than 
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e.^ptrcieu  Iivui  Use  above  t^eiieiai  jp»iO|>oriiorwiliiy  wltfl  tliTic.  Fmnily  LJlMik  rific 
at  target  poaltlone  increases  hits  seme  50  percent.  Target  movement  reduces 
hits  about  10  percent.  The  light  concealment  has  little  observed  effect  on  hits 
In  this  experiment. 

These  effects,  beyond  their  inherent  Interest,  are  of  potential  value  for 
extending  the  experimental  results  to  target  systems  composed  differently 
than  the  ones  used.  It  Is  possible  with  these  factors  to  adjust  the  balance  of 
target  characteristics  in  any  suitable  tashlon.  and  recompute  the  integrated 
experimental  results. 


INTERPRETATION 

The  major  effects  for  Interpretation  are  Isolated  In  App  K.  Table  K5  Is 
first  modified  by  the  lethality  considerations  of  App  O.  If  the  trivial  penetra¬ 
tion  differences  arising  from  the  different  day  and  night  target-range  distri¬ 
butions  are  Ignored,  the  net  lethality  figures  for  each  test  ammunition  listed 
In  Table  13  are  obtained.  These  figures  are  based  on  lethalities  of  70  percent 

Table  13 


(lAStlALTlES  nv  \«MUN1TI0N  AND  CONtll  HON 


AmntttiiitioQ  or  Hriai^ 

l>etkalitv. 

% 

C  nditioB 

Day  aittiafi  j 

Day  aUndinx 

Nipbt  aittiaK 

C/t 

.  . . 

C'R 

C/i 

r'R 

C/t 

8 

Sia;;la 

70 

83 

13.4 

69 

11.3 

29 

3.5 

Daplex 

63 

118 

19.8 

116 

16  8 

44 

5.9 

Triplex 

S7 

119 

24.5 

(106)« 

(19.4)« 

(4.5)« 

(7.8)« 

70 

12.3 

17.4 

117 

12.7 

18 

2.2 

Catbiaa.  aatomatic 

68 

7% 

7.1 

69 

5.0 

19 

1.6 

T4.'l.  •amiaatomatic 

70 

99 

15.7 

85 

10.2 

57 

7.4 

T43,  •atomatic 

68 

68 

7.1 

52 

4.4 

44 

3.8 

Flechattea 

28 

(57)« 

(18.4)* 

51 

14.5 

40 

*Tfi«aa  cxperimcntatly  miaaiuK  data  are  artificially  develo^d  from  the  real  data  for  thoaa  amtna- 
aitiooa  Hv  p>  rt'aeat  ratios  from  Table  12:  Staodiati  to  Sittiafi  (./t  •  0.fl9;  StaaditiR  to  Sit- 

tiaa,  C/B  -  0.79;  NifAt  to  C.  t  «  0.08;  Ni)(bt  to  Day,  C/R  »  0..12. 

^iubt  Staadiafi. 


for  all  conventional  bullets  and  35  percent  for  single  flechettes  (App  B).  Con- 
slderatlcm  of  salvo  overkilling  and  penetration  failure  mod.'ifles  these  two  values 
to  yield  Lie  lethality  figures  of  Table  13.  Appendix  0  describes  the  detailed 
considerations.  Applying  these  lethalities  to  the  data  of  Table  K5,  the  casual¬ 
ties  per  run  (C/t)  and  casualties  per  100  rounds  fired  (C/R)  of  Table  13  Are 
deduced.  C/t  Is  really  a  measure  of  casualties  per  time  nit,  as  runs  were 
fixed  In  time  (except  that  day  and  night  times  differed).  C/R  Is  somstimes 
referred  to  as  ‘’percentage  casualties.” 

Proper  operational  salvo  consideration  for  automatic  fire  requires  casual¬ 
ties  per  trigger  pull  or  per  salro  (C/8),  rather  than  caeualtlee  per  100  rounds 
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(C/Ix).  IiAlei  IauIcs  win  uae  C/S,  which  i>  idenucai  with  cuuaitiM  per  single 
round  for  ell  other  fire.  The  average  number  of  rounds  per  trigger  pull  U  de¬ 
duced  In  App  E.  The  values  from  Table  E7  are  2.07  rounde/aalvo  for  the  T48, 
and  2.63  rounda/ealvo  for  the  carbine  (2.33  rounde/aalvo  over-all).  Illumination 
position  differences  are  not  significant.  The  automatic-fire  total  rounds  per 
run  was  carefully  measured,  ai>d  proved  to  be  1.50  times  the  semiautomatic 
rounds  per  run. 

These  two  figures  then  provide  the  rate  of  fire  in  trigger  pulls  per  run 
(automatic  to  semiautomatic):  1.50  to  2.33  >  0.64.  This  one-third  reduction 
in  automatic  compared  with  semiautomatic  rats  of  trigger  pull  also  agrees 
with  the  observed  estimate. 


Tari.e  U 

A^wmi'nition,  System.  Combat  I^ao,  and  \fAN-AND4i5AD  '^eioiits 


(la  po—J») 


AnBBnitioa 

Ro«ad 

Hnapaa 

•yntem 

Combat 

load 

Mm  AB4i 

SiiRle 

.0591 

26.4 

40.8 

195 

Daplex 

.0635 

27.4 

41.8 

196 

Triple* 

.0620 

27.1 

41.5 

196 

Carbine 

.0180 

13.1 

27.5 

182 

Ti8 

.0410 

22.6 

37.0 

197 

Fleckette 

.1024 

34.6 

49.0 

204 

Having  translated  hits  to  casualties,  further  refinement  of  effectiveness 
measure  becomes  difficult.  For  example,  how  many  casualties  per  dollar,  per 
pound,  per  minute,  or  per  trigger  squeeae?  If  dollars,  spent  for  what,  if  pounds, 
of  what?  The  answers  are  not  clear;  one  can  only  look  at  several  of  the  seem¬ 
ingly  most  reasonable  criteria. 

Costs  are  not  simply  accounted  for.  The  prototype  fiechettes  were  ex¬ 
tremely  expensive,  and  no  good  estimate  is  on  hand  for  production  cost.  The 
duplex  and  triplex  ammunitions  are  more  in  line  with  conventional  single -bullet 
production  cost.  The  dTg)lex  ammunition  particularly  Is  losded  in  a  single- 
machine  operation,  a/'.d  production  cost  is  ro^ighly  estimated  at  about  1 5  percent 
over  single-bullet  coi  t.  Casualties  per  dollar  cost  of  ammunition  Is  not  com¬ 
puted,  as  It  Is  thought  to  be  a  poor  criterion.  If  any  effectiveness -cost  ratio  Is 
sought,  better  cost  da.ta  are  first  required.  Secondly,  tbs  system  must  be  de¬ 
fined;  the  pertinent  cost  Is  almost  certainly  not  for  ammunition  alone,  but  in¬ 
cludes  weapon  and  other  costs. 

Logistical  costs  are  similarly  difficult  to  take  into  account.  Here,  how¬ 
ever,  adequate  measures  are  avallaMe.  The  pertinent  weights  are  listed  in 
Table  14.  All  weights  are  given  in  pounds.  The  round  weight  is  taken  from 
Table  B3.  The  wwap:m  system  includes  a  Korean  average  of  224  rounds,  the 
packaging  (1  belt,  1.6  lb;  3  bandoleers,  0.4  lb:  and  28  clips,  1.7  lb}  and  the 
weapon.  Weapon  weights  are  taken  from  TaMe  B2. 

The  3.7-lb  ammunition  packaging  is  taken  as  constant  for  all  the  test 
ammunition.  The  average  total  issue  ki  Korssn  use  (clothing  and  equipment) 
was  40.8  lb.  Subtracung  the  weapon-system  weight  leaves  14.4  lb.  This  14.4 
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lb  is  talun  u  coasUiit  ror  sll  teat-ws&pon  systems  and  ackled  to  produce  the 
'‘Combat  load”  column.  Finally,  the  average  154.5>lb  man  weight  la  added  ior 
the  last  coiumn. 

For  normalization  to  time  of  firing,  it  is  noted  that  “up^'  target  time  was 
291  esc  for  day  runs,  253%  sec  for  night  ruis.  From  these  quantities  It  is 
possible  to  compute  casualties  per  minute  from  casualties  per  run.  Dividing 
by  10  yields  average  casualty  production  mte  per  man.  this  time  a  list  of 
casiadtles  per  unit  firing  time  and  casualties  per  unit  weight  for  any  of  the 
four  categories  of  weight  of  Table  14  can  be  made.  Aa  it  wo\dd  be  tiresome 
to  Inspect  a  needlsseiy  complex  table  using  all  these  weights.  T»hif>  15  com* 
puted  for  only  the  weapon-system  weight  (rifle  pilus  224  rounds  plua  packaging). 


Table  15 


Casualties  per  Salvo,  per  Minute,  and  per  Pound 


.^marasttioa  or  firiag 

Day  aittiap 

1  bay  ataadiatt 

Nigbt  aittiajt 

“  Averane* 

1  C/'S 

C/T 

C/W 

C/'S 

1  C/T 

L^iLi 

C/S 

C/T 

C/'W 

C/S 

C/T 

C/W 

SiaRia 

13.4 

2.16 

1.14 

11.3 

1.79 

0.96 

3.5 

0.69 

0.30 

10.4 

1.70 

0.89 

Daplax 

19.8 

3.06 

1.62 

16.8 

3.01 

1.37 

5.9 

1.04 

0.48 

1.5.6 

2.54 

1.27 

Triplex 

24.5 

3.09 

2.02 

(19.4) 

(2.75) 

(1.60) 

(7.8)  (1.07) 

(0.64) 

19.1 

2.50 

1.57 

Carbiee,  aeniatitoinatic 

17.4 

3.19 

2.90 

12.7 

3.04 

2.17 

2.2 

0.43 

0.38 

12.4 

2.46 

2.13 

Carbiae,  automatic 

18.7 

1.95 

1.21 

13.2 

1.79 

2.17 

4.2 

0.45 

0.27 

13.7 

1.54 

0.89 

T48,  aeiaiaatomattc 

15.7 

2.57 

1  56 

10.1 

2.21 

1.01 

7.4 

1.35 

0.73 

12.3 

2.18 

1.22 

TiS,  aktomatic 

U.7 

1.77 

0.70 

9.1 

1.35 

0.44 

7.9 

1.04 

0.38 

11.6 

1.48 

0.56 

Placbette 

(18.4) 

(1.48) 

(1.19) 

14..5 

1.32 

0.94 

10.8 

0.95 

0.70 

15.5 

1.31 

1.01 

C/S  cclumna  are  taken  directly  from  Table  13  (times  2.63  and  2.07  rounds 
per  salvo  for  carbine  and  T48  bursts,  respectively).  C/T  columns  list  casual- 
tlee  per  minute  per  man,  using  C/t  data  from  Table  IS.  C/W  columns  list  cas¬ 
ualties  per  pound  of  weapon  system,  using  C/R  data  from  Table  13  and  weights 
from  Table  14.  “Average*  casualty  values  are  deduced  by  arbitrarily  lumping 
the  three  separate  conditions  of  firing  in  the  approximate  ratio  oi  the  experi¬ 
ment:  2  (day  sitting):  1  (day  standing):  1  (night  sitting).  This  ratio  is  conaer- 
vatlve  in  heavily  weighting  the  moat  accurate  fire . 

It  la  now  cpproprlate  to  compare  ealvo  with  the  single-bullet  ammunltiona: 
duplex  to  eingls  bullet,  triplex  to  tingle  bullet,  flechette  to  single  bullet;  and 
also  carbine  automatic  to  carbine  aemiautomatic,  and  T46  automatic  to  semi¬ 
automatic.  Because  theee  last  two  ration  am  cocaiatently  approximately  e<p«l, 
they  are  combined  In  Table  16.  It  la  also  of  Internet  to  (X>te  weapon  eompariaona: 
carbine  semiautomatic  to  Ml,  T48  semlnutoinatic  to  Ml. 

To  further  generalize  the  effectiveness  measure  beyond  aimed-flrr  cas¬ 
ualty  production,  \smimed  or  area  rifle  fire  must  be  considered.  This  uaaimed 
fire  is  gs&erally  directsd  at  specific  suspected  target  arena,  and  has  the  pri¬ 
mary  effect  of  neutralizing  or  haraaslng  memy  troope,  and  hence  protectiag 
and  encouraging  friendly  troops. 

Nautrallaation  effectlvanesa  has  been  alternatively  maeaured  by  (1)  number 
of  baaga,  (2)  number  of  bulleta,  (3)  number  of  hits,  and  (4)  avueber  of  casualties. 
Criterion  i  offers  no  diecrlmlnatloii  among  the  test  ammunltiona  unless  perhaps 
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loudnesB  of  bang  Is  Included.  Criterion  2  equates  aiesl<^  bullets,  scores  duplex 
double,  triplex  triple,  and  fiecJietteB  x  32.  Automatic  bursts  (from  the  Table  K15 
rate  of  ftre)BCore  50  percent  over  sinfle  bullets  on  a  per  time  basis.  The  slower 
shotgim  rate  (about  half)  and  Ineffective  tumbling  fraction  ilechettee  reduce 
the  flechette  factor  to  about  10  tlmee  single  bullets  on  a  per  time  basis. 

Brief  reflection  indicates  that  so  long  as  the  target  area  is  larger  than  the 
greatest  disperalon  (a  reasonable  aseumptlon),  the  number  of  hits  (criterion  3) 


Table  16 


AiSED.l'iitt:  Casualty  fUnos 


AjaatMiljoa  of  firioft 
eefopared 

Ca«»4ilioa 

Day  aitUfix  | 

bar 

ataadiax 

Nipfct  aittiaff 

Averana 

c/s 

C/T 

C/W 

c/s| 

C/T 

m 

C/S 

C/T 

C/W 

C/S 

C/T 

C/W 

Doplex  to  oioftle 

1.48 

1.42 

1.41 

1.49 

1.68 

1.43 

1.69 

1.51 

1.57 

1.48 

l.SO 

1.43 

Triplex  to  aisitle 

1.83 

1.43 

1.77 

1.72 

1..S4 

1.67 

2.23 

l.-S-} 

2.13 

1.81 

1.47 

1.76 

Flechetto  to  ais);le 

1.S7 

0o69 

1.04 

1.23 

0.74 

0.98 

3.C9 

V  fvn 

1  .«ici 

2.30 

1.48 

0.77 

1.12 

Astomatic  to  oomioutoraotic 

1.01 

0.6S 

0.42 

0.97 

0.60 

0.41 

1.26 

0.84 

0.59 

1.02 

0.65 

0.43 

r.orbiBo  to  Ml 

1.30 

1.48 

2.61 

1.12 

1.70 

2.26 

0.63 

0.62 

1.23 

1.19 

1.45 

2.39 

T«  to  Ml 

1.17 

1.19 

1.37 

0.90 

1.23 

l.OS 

2.11 

1.96 

2.43 

1.16 

1.28 

1.36 

Table  17 


L)BA»»ED-FmE  Casualty  Hatios 


Amnimitioa  or  flriaa 
coafporad 

Naffliwr 

of 

kallata 

Relative 

latkality 

of 

firg 

C/S 

C/T 

C/W 

Daplax  ta  aiapla 

2 

0.90 

0.98 

1.80 

1.76 

1.73 

Triplax  la  aiafile 

3 

0.81 

0.78 

2.43 

1.90 

2.36 

FlackaHa  ta  aia^la 

16 

0.40 

0.49 

6.40 

3.14 

4.S9 

1  'toMtic  ta  aoaitaalawatic  (2.33) 

0.97 

(0.64) 

2.36 

1.46 

0.97 

Carttaa  to  Ml 

1 

1 

1.17 

1.00 

1.17 

2.00 

T48  la  Ml 

1 

1 

1.06 

1.00 

1.06 

1.16 

ia  just  pn^rtlonal  to  the  number  of  bullets  (criterioe  2).  The  relative  number 
of  casualties  (criterion  4)  is  then  deduced  from  the  siunber  erf  ballets  and  the 
bullet  lethality,  dsfradso  for  peoeiratloa  failure  and  ovarklll.  The  corrected 
lethality  figures  froas  Table  13,  together  with  the  nuabare  of  bullets  per  salvo, 
yield  the  relative  values  of  C/8  of  Table  17.  The  average  value  for  rounds  per 
burst  (both  wespoas)  is  tahan  from  Table  K7  as  2.33.  TIm  average  rate>of-fire 
values  for  coopirflsf  C/T  are  tihsa  from  Table  K15  for  single  •bullet,  daglex, 
carbine,  and  T48  ammuaitlos.  The  laisslag  tripkui  aad  flechette  rates  of  fire 
are  deduced  from  the  Iscomplete  data  of  Table  KS  using  the  method  staled  la 
footnote  erf  TaJale  13  (corrected  for  iscreaeed  slgM;  *ap*  time).  These  then 
are  averaged  la  Ibe  velgMed  ratio:  2  (day  slttlac.:  1  (dby  smsdlng}:  1  (algrf 
sitting).  The  C/W  values  use  Table  system  as  before. 
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The  number  of  flechctte*  in  Table  17  la  halved  to  account  for  the  observed 
effect  with  the  prototype  loade  tested;  many  of  the  flechettes  fall  to  fly  properly. 
These  erratic  flechettes  presumably  fall  to  reach  the  target  area,  or  at  least 
fall  to  reach  It  In  an  effective  orientation.  A  most  conservative  estimate  Is  that 
at  least  half  oi  the  32  do  fly  properly.  It  should  be  noted  that  success  in  cor¬ 
recting  this  erratic  flight  will  double  the  flechette  effectiveness  of  Table  17. 

Note  that  only  the  relative  numbers  of  unaimecl-flre  casualties  have  been 
deduced.  If  actual  casualties  were  available,  experience  indicates  ^hat  Uie 
figures  might  be  so  much  smaller  th'jn  aimed-flre  casualties  as  to  be  inoig- 
nillcant.  Yet  the  neutralizing  effect  of  potentially  casiiaity-produclng  rifle  fire 
Is  not  insignificant.  Clearly  then,  the  absolute  casualty  values  are  not  leeded, 
and  the  relative  values  of  Table  17  are  still  valid  as  measures  of  potential 
casualties  (casxxaltles  suffered  by  the  enemy  if  he  should  fall  to  seek  corer 
and  be  neutralized). 


Table  I  ft 


Ovtb-A±l  Casualty  Ratios 


Anim«ai:i<M  er  ftriac 
compared 

C/S 

C/T 

c/w 

o* 

rt— 1- 

1.04 

i.oa 

1.68 

0.03-0.11 

Triplex  to  aiagte 

2.12 

1.69 

2.06 

0.06-0.14 

Flecbelta  to  aisgle 

3.94 

2.96 

3.01 

0.16 - 

Aatomotic  to  aeioiaotoaialic 

1.64 

1.C5 

0.70 

0.04-0.23 

r arkioe  to  Ml 

1.10 

1.31 

2.20 

0.03-0.12 

T48  to  Ml 

1.08 

1.17 

i.at 

0.03-0.11 

tieviatiwi  of  C.'S  coloou  oaly. 


It  Is  desirable  now  to  deduce  over -all  ammunition  comparisons  for  all 
rifle  fire.  The  question  is:  What  relative  value  to  allot  to  aimed  fire  (Table 
10)  and  to  unaimed  fire  (Table  17)7  Appendix  C  shows  that  tmalmed  fire  con¬ 
stitutes  3t  percent  of  all  rifle  fire.  This  agreas  with  Informal  accepted  mili¬ 
tary  opinion  that  two-thirds  to  threa -fourths  of  rifle  fire  Is  not  almsd.  Pre- 
sumtbly  ths  conditions  of  battls  are  such  that  aimed  rifle  fire  at  visible  In¬ 
dividual  targets  Is  gsnsrally  more  critical,  and  hence  an  appniprlate  average 
weights  unaimed  fire  at  something  less  than  59  percent.  For  lack  of  a  better 
basis  for  value  Judcraeirt,  the  ratios  of  Tables  16  sad  17  are  weighted  equally 
In  deducing  the  over-all  casualty  ratios  of  Table  18.  It  must  bs  borne  la  mlad 
that  Table  18,  altbou^  our  beet  over-all  effectiveness  estlfnate,  iavol*ea  a 
crude  lumping  of  aimed  aad  unaimed  fire.  The  firmer  experimental  results 
appear  la  Table  16. 

The  range  of  standard  devlntlone  In  from  the  minimum  purely  readom  or 
aampllag  errors,  taken  from  Table  J38  and  the  maximum  gross  MperiSMMitsl 
aggrepits  value  from  Table  J33.  The  percentage  flgurse  from  these  two  tsblea 
(divided  by  Vl)  are  applied  tc  the  C/f  column  to  yield  the  abeolele  values  listed. 
The  standard  devlatloes  for  aimed  fire  (Table  16)  are  Inrner  by  as  avermpe  of 
'fl.  Individual  aiSBed-llrc  siasderd  deviattOns  may  be  eoeaputed  from  Tables 
J33  and  J35. 
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CONCLUSIONS 
Major  Co»clu»lou»* 

Tne  major  concluaions  of  this  paper  may  be  drawn  trom  Tables  16, 17,  and 
18.  Since  the  casualty  ratios  of  Table  18  are  often  not  too  different  for  the  var~ 
ious  criteria  (C/S,  C/T,  C/W),  itis  sensible  in  these  cases  to  express  average 
effectiveness  ratios.  Table  19  shows  these  averaged-criterion  casualty  ratios. 

1.  Duplex  ammunition  achieves  60  percent  more  casualtios  than  single 
bullets  over-all.  This  gain  increases  with  decreasing  accuracy  (40  percent 
sitting,  50  percent  standing,  60  percent  night,  and  80  percent  unalmed;  also 
57  i>ercent  expert  squad,  64  percent  average  sqpad,  72  percent  unqualified 
squad).  System  weight  and  rate  of  fire  do  not  differ  significantly  from  those 
for  single  bullets. 


Table  19 


VsAS  Cbitcrion  Casualtit  Ratios 


AnMiMitios  or  firiig 

D-r 

ahtiap 

Day 

aittiaff 

Miflbt 

aittisff 

Uaaiaied 

Ovar-all 

D«pl«x  to  •iad* 

1.44 

1.1.1 

’  eo 

V 

a.«u 

i.Oi 

triplax  to  aia^d* 

1.68 

1.64 

1.97 

2.23 

1.96 

Flechatte  to  oiapla 
Aatcaaatic  to  aami- 

1.01 

1.00 

2.76 

4.81 

3.30 

aataaMtic 

0.69 

0.t)6 

0.90 

1.56 

1.13 

Cxrbiae  to  Ml 

1.80 

1.69 

0.83 

1.39 

1.54 

TASloMl 

1.24 

1.06 

2.17 

1.07 

1.17 

2.  Triplex  ammunition  appears  to  achieve  double  the  casualties  of  single 
bullets  over-all.  This  gain  Increases  with  decreaeing  accuracy  (70  percent 
day,  120  percent  unaimed).  System  weight  does  not  differ  significantly  from 
that  for  single  bullets.  Rate  of  fire  appears  to  be  decreased  about  20  percent. 

3.  Flechettes  appear  to  achieve  two  to  four  times  the  casualties  (rf  single 
bullets  over-all  (100  to  290  percent  gain).  This  gain  increases  radically  with 
decreasing  accuracy  (0  percent  day,  130  percent  night,  and  380  percent  i«- 
aimed).  System  weight  is  about  30  percent  mere  than  that  of  the  Ml.  Rate  of 
firs  appMra  to  be  decreased  about  50  percent. 

4.  Automatic  fire  without  bipod  is  compared  with  semiautomatic  f.rt. 

Its  casualty  score  varies  from  a  loss  to  a  piiii  as  accuracy  decreases  (-30 
percent  day,  -10  percent  night,  4^60  percent  unaimed).  Rate  of  fire  in  rounds  per 
minute  for  short  bursts  is  50  percent  greater  than  that  for  semiautomatic  firs. 

5.  The  .22-cal  carbine  achieves  SO  percuM  mors  casualties  than  the  Ml 
over-all.  This  gain  decreases  with  deersasing  accuracy  (80  percent  aitting, 

70  percent  standing,  and  40  percent  unsimed).  Ni^t  fire  shows  a  20  percent 
loss.  ayatecD  weight  is  50  percent  less  than  the  Ml,  and  the  rate  of  fire  is  in¬ 
creased  20  percent. 

6.  The  .22-cal  T48  achieves  20  peremt  mors  casualties  thr  Ml  over¬ 
all.  This  gain  doea  not  vary  appreciably  with  decreasing  accuriwcy  (20  psrcsnt 
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sluing,  10  percent  standing,  and  10  percent  unalmed).  Nlgiit  fire  shows  a  120 
percent  gain,  system  weight  is  10  percrnt  less  than  the  Ml,  and  the  rate  oi  fire 
is  increabed  10  percent. 

Discussion  of  Major  Conclusions 

It  is  concluded  that  duplex  ammunition  offers  an  unambiguous  gain  of  60 
percent  effectiveness  over  single-bullet  fire.  This  figure  is  statistically 
sound,  and  holds  roughly  for  considerable  modification  In  the  arbitrary  weight¬ 
ing  of  different  types  of  fire. 

The  averaut!  gain  of  100  percent  effectiveness  for  triplex  ammunition  is 
based  on  meager  almed-flre  data  (two  mna)  but  seems  quite  reasonable.  This 
value,  however,  fluctuates  with  the  criterion  used,  particularly  to  giVe  a  lower 
value  (70  percent)  on  a  per  time  basis  because  of  the  observed  and  unexplained 
reduction  in  rate  of  fire.  It  is  suspecled  that  this  observed  rate  effect  is  not 
generally  real,  as  no  satisfactory  syslematlc  explanation  has  occurred.  Addi¬ 
tional  testing  is  required  to  verify  the  100  percent  over-all  figure. 

The  flechette  gain  depends  markedly  on  the  criterion  selected.  Table  18 
shows  roughly  that  casualties  per  minute  double,  casualties  per  pound  triple, 
and  casualties  per  salvo  quadruple  the  single-bullet  score.  Further  the  gain 
depends  markedly  on  the  type  of  fire.  Aimed  fire  shows  an  average  gain  of  10 
percent,  unaimed  fire  a  gain  of  380  percent.  Further  the  gain  varies  consid¬ 
erably  with  accuracy  condition  in  aimed  fire:  no  gain  in  day  fire,  130  percent 
sain  at  nicht.  This  suggesU  that  the  flechette  type  of  highly  multiple  salvo  is 
particularly  valuable  in  poor  accuracy  conditions.  Very  probably  the  limita¬ 
tions  on  combat  simulation  in  the  experiment  produce  greater  accuracy  than 
true  combat,  making  this  study’s  results  conservative.  The  realisation  that 
pistol  aiming  error  is  generally  about  five  times  rifle  error**  strongly  suggests 
the  application  of  a  flechette- type  load  to  a  side  arm.  Furthermore,  the  50  per¬ 
cent  rate-of-fire  decrease  and  30  percent  weapon-ayslem-wel^t  Increase  to> 
gether  with  estimated  50  percent  erratic -flight  observation  combine  to  indicate 
that  the  considerable  additional  gains  may  be  achieved  with  successful  further 
development. 

The  automatic  fire  results  show  60  percent  increased  effectiveness  com¬ 
pared  with  semiautomatic  fire  on  a  salvo  or  trigger-pull  basis,  30  percent  de¬ 
creased  effectiveness  on  a  wei^t  basis,  no  appreciable  difference  on  a  lime 
basis.  Further  the  average  loss  is  30  percent  in  aimed  fire.  The  only  condi¬ 
tions  appreciably  favoring  automatic  fire  are  night  aimed  fire  on  a  per  aalvo 
basis  (4^30  percent),  unalmed  fire  on  a  per  salvo  basts  (4-130  percent),  and  un¬ 
aimed  fire  on  a  per  lime  basis  (>50  percent).  Other  conditions  and  criteria 
favor  semiautomatic  fire.  These  automatic  fire  gains  are  based  on  the  assump¬ 
tion  that  automatic  unaimed  fire  is  confined  to  the  target  area.  This  assump¬ 
tion  warrants  critical  scrutiny,  it  is  noted,  how«ver,  that  the  almed-fire  data 
are  restricted  to  firing  without  bipod  (from  the  shoulder).  On  the  other  hand, 
all  automatic -fire  comparisons  were  made  with  light  .22-cal  weapons,  which 
probably  hold  on  target  better  than  heavier  weapons  such  as  the  BAR  and  MIS. 

The  .22-cal  carbine  and  T4S  both  achieve  about  20  percent  more  casual¬ 
ties  per  rouftd  in  aimed  semiautomatic  fire  than  the  Ml  with  single -bullet  am¬ 
munition.  This  accuracy  piln  may  be  attributed  to  the  smaller  caliber.  Urn 
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weapon  weight,  or  the  "educed  recoil  effect.  A  further  gain  iu  noted  in 
the  increased  rate  o’  fire  (about  10  percent),  resulting  In  a  20  to  20  percent 
uver-aii  gain  for  iheae  w«:a(>uiu»  uii  *  c«i>ua*ljr~por-mii'»At«  uuula.  An 
ment  to  identify  the  source  of  this  accuracy  and  rate-of-fire  ^in  is  indicated. 
The  lighter  system  weights  make  the  advantage  of  these  weapons  still  more 
pronounced  on  a  casualty ^per -pound basis  (30  percent  for  the  T48,  120  percent 
for  the  carbine).  Here  it  becomes  essential  to  select  the  criterion  that  will  be 
used  to  evaluate  ultimate  effectiveness.  Casualties  per  pound  favor  the  small- 
carbine  single-bullet  over.30-cal  duplex  ammunitlcm;  casualties  per  round  or 
per  minute  favor  duplex.  In  all  cases  (except  carbine  night  fire),  the  .22 -cal 
weapons  tested  are  superior  to  the  .30-cal  Ml.  This  result  naturally  suggests 
that  .22-cal  duplex  and  triplex  ammunition  be  examined  to  achieve  both  gains. 
(Triplex  ammunition  may  not  be  practicable  in  .22  cal,  consideririg  available 
muzzle  energy  and  velocity  losses). 

Of  special  note  are  the  night  aimed-fire  comparisons  with  the  three  weap¬ 
ons  listed  in  Table  16.  Without  considering  weight  differences,  it  Is  seen  that 
the  carbine  drops  from  a  40  percent  average  day  gain  over  Ml  to  a  40  percent 
night  loss.  The  T48  Increases  from  a  10  percent  average  day  gain  over  Ml  to 
a  100  percent  night  gain.  To  get  a  better  notion  of  this  nigl^t  effect,  the  day  re¬ 
sults  for  the  three  weapons  (C/R  and  C/T)  are  normalized  and  compared  with 
the  resultant  night  values.  This  yields  a  relative  carbine  rJght  degradation  of 
60  percent  and  a  relative  T48  improvement  of  80  percent.  These  large  differ¬ 
ences  were  apparent  during  conduct  of  the  experiment. 

Tiie  T4G  oui/c*lorIty  Is  attributable  tc  the  ci;e  zrxi  position  of  th? 
peep  sight.  The  T48  was  noted  in  the  field  to  have  a  sight  picture  about  three 
times  the  linear  dimension  afforded  by  the  Ml.  This  is  borne  out  by  the  sii^t 
dimensions.  The  angle  defined  by  a  pupillary  diameter  of  V*  hi-  (night)  and  the 
aperture  diameters  and  distances  (from  Table  B2)  arc:  Ml,  6  mils;  -T48,  14  mils 
and  carbine,  7  mils.  The  poor  carbine  night  performance  is  apparently  not  due 
to  sight  dimensions.  Possibly  aperture  reflectivity,  depth,  and  taper  are  in¬ 
volved.  Debriefing  revealed  that  troops  generally  used  the  T48  sight  in  night 
firing  but  completely  avoided  use  of  the  Ml  and  carbine  sights  at  aigiit. 

It  should  be  noted  that  these  experimental  firings  were  all  with  augmented 
bright  moonlight.  Variations  in  illumination  might  lead  to  different  results. 

The  lack  of  explar-ation  for  the  carbine  night  degradation  and  the  possible  un¬ 
certainty  in  the  explanation  of  the  T48  night  improvement  auggest  further  field 
tests  on  peep  sights  iinder  conditions  of  limited  illumination. 

It  ie  Instructive  to  examine  the  salvo  to  single- bullet  ratio  in  casualties 
per  salvo  as  a  function  of  accuracy.  In  unaimed  fire  the  accuracy  is  such  that 
the  basic  single-bullet  hit  probability  is  negligible.  The  maeociated  casualty 
ratios  are  given  in  Tables  16  and  17. 

Fui*thermore  it  is  possible  to  deduce  the  casualty  production  for  each 
ammunition  under  the  condition  of  perfect  accuracy,  or  100  percent  hit  ;,joba- 
bllity.  For  this  computation  only  erne  hit  per  salvo  ie  first  assumed,  i  roni 
App  O  the  penetration  degradations  are  none  for  single -bullet  ammunition  and 
aikoinatic  fire,  0.2  percent  for  duplex,  7.1  percent  for  triplex,  and  7.2  percent 
for  fiechette  ammunition.  Applying  these  degradaMona  to  the  App  B  basic  bul¬ 
let  lethalities  (35  percent  for  flechettes,  70  percent  for  aii  buiiete),  the  C/8 
for  the  one-hit  case  arc  deduced. 
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P  c/s 

C/T 

^QQQimQIQII 

Um  bit 

All  hit* 

Db^Ux  tu  BiBRle 

2 

1.00 

1.30 

O.M 

1.27 

0.96 

1.25 

TripWx  to  BiBitlo 

a 

0.93 

1.37 

0.73 

1.07 

0.90 

1  33 

Ftocbeiw*  to  •tania 

16* 

0.46 

1.43 

0.23 

0.70 

0.35 

1.09 

Aatomatie  to  aamiaatontaiic 

2.5 

1.00 

1.33 

0.60 

0.80 

0.40 

0.53 
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Th€  C/s  for  th#  ■sju'Tjptien  cf  sli  bulleis  hittljig  are  conipui<*d  oy  the  'jeuol 
overkill  cmlcuUiion.  For  example,  duplex  amhiunitlon  scores  0.7  casualties 
with  the  first  hit,  plus  0.7  x  (lo0.7)  With  the  second  hit.  The  total  (0.^1)  is 
greater  than  the  single  bullet  (0.7)  in  the  ratio  1.30,  shown  to  Table  20.  The 
C/T  and  C/W  columns  are  computed  from  the  C^S  column  as  in  the  earlier 
tables. 

The  one-hli  values  of  Table  20  apply  to  very  distant  targets,  azMl  th«  all¬ 
hits  values  apply  to  very  close  targets.  The  integrated  average  for  the  target 
system  llestetween,  but  would  be  most  tedious  to  compute.  Omitting  the  arti¬ 
ficially  generated  irlple.x  and  flcchette  data,  the  C/S  are  shown  in  Fig.  IS  as  a 
function  of  accuracy.  Intermediate  values  from  Table  20  are  m.  J  for  the 
pcrfect-accuracy  points.  The  figure  shows  clearly  the  trend  of  decreasing 
salvo  gain  wltli  increasing  accuracy.  Furthermore  the  curves  demonstrate 
that  this  effect  is  most  pronounced  for  the  largest  salvos  (flecheite  slope  > 
triplex  slope  >  duplex  slope). 

As  accuracy  charact-  ‘Ized  by  hll  probabilities  of  over  20  percent  is  of 
little  practical  military  b^gnillcance,  the  same  data  are  plotted  in  Fig.  18  on 
a  larger  scale.  This  is  clearly  the  accuracy  range  of  interest.  Similar  plots 
are  shown  In  Figs.  17  and  18  C/T  and  C/W.  From  all  three  figures,  it  is 
deer  that  in  unaimed  or  very  inaccurate  fire  the  eOeciiveness  order  is  (1) 
flechettes,  (2)  triplex  aminxiltlon,  (3)  duplex  an.itnunltion,  (4)  automatic  fire, 
and  (5)  single  bullets.  The  most  accurate  fire  shows  generally  (1)  triplex 
ammunliion,  (2)  dig>lex  ammunition,  (3)  single  bullets,  (4)  flechettes.  and  (5) 
n^tcmntic  fire.  HuplcA  auu  Inpicx  ammimitions  are  never  shown  to  be  inferior 
to  single  bullets. 

From  the  crossover  points  on  these  figures  It  U  evident  that  further  data 
are  needed  on  actual  combat  rifle  accuracy  or  hit  probabilities.  Firm  decisions 
on  relative  combat  effectiveness  require  kno'^ledge  of  where  to  make  valid  com¬ 
parisons  along  the  abscissa  of  Figs.  1€  to  18.  Combs!  experience  must  be  can¬ 
vassed  to  provide  an  estimate  of  rifle  accuracy  in  actual  combat. 

Additional  Conclusions 

In  addition  to  the  six  major  conclusions  on  ammunition  and  weapons  differ¬ 
ences  from  Tables  18  to  16,  there  are  18  other  conclusions  from  the  experiment. 

7.  Most  day  targets  range  from  75  to  350  yd;  nlg^t  targets  from  50  to 
225  yd. 

8.  Mean  ranges  of  firing  are  177  yd  for  day  targets  and  121  yd  for  night 
targets. 

The  target  system,  baaed  on  the  questionnaire  of  App  C,  givee  day  larfeta 
with  rani  j  of  75  to  340  yd  with  s  mean  range  of  180  yd.  Table  PI  of  App  P 
gives  the  hits  by  target  and  permits  the  calculation  of  a  mean  range  of  hits. 

This  value  is  133  yd.  Appendix  F  fives  single-bullet  nnmda  fired  by  target, 
and  permits  calculation  of  a  mean  range  by  rounds  fired.  This  weired  mean 
range  la  177  yd.  The  mean  day-target  exposuie  lime  is  lOVt  sec. 

Similarly  the  night  targets  range  from  50  to  225  yd,  with  s  mean  range  of 
135  yd.  The  computed  mean  hit  range  (from  Table  F2)  is  85  yd.  Tbs  msan 
range  by  rounde  fired  (Table  F40)  is  121  yd.  Ths  mean  night  exposure  tinwr  is 
il‘/i  ser. 
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9.  Me^i  siiiglv’uulict  hit  prouauiliUtt*  ur«  19  percent  for  day  «ilutig,  15 
percent  for  day  standing,  and  6  percent  for  night  sitting;  14  percent  average. 

10.  Mean  aiming  errors  (linear  standard  deviations)  are  3.0  mils  for  day 
sitting;  3.4  mils  for  day  standing;  and  7.8  mils  for  night  sitting;  ?..6  mils  average. 

The  equivalent  target  sizes  (F  and  E)  aro  circles  of  radii  9.9  in.  and  14.0 
in.  (shown  in  App  M).  As  the  questionnaire  leads  to  12  F  and  10  E  targets  for 
both  day  and  night,  the  welglited  average  target  radius  is  11.8  in.  Thus  It  Is 
concluded  that  typical  rifle  targets  are  representable  by  a  i-ft-radius  circle 
at  aboui  170  yd  for  day  or  120  yd  for  night. 

It  id  porslble  to  use  these  typical  targets  together  with  the  probabilities 
from  Table  K15  (19,  15,  and  6  percent)  to  compute  representative  aiming  errors. 

From  expression  M3  of  App  II  the  aiming  error  as  a  linear  standard  de- 
viutiofi  a  is  a  function  of  target  size  f ,  range  R ,  and  hit  probability  . 

a.T/H  V-2  In  (1  -  P//) 


Using  the  mean  ranges  (by  rounds  fin'd)  170  and  120  yd  yields  errors  of  3.0 
mils  for  day  sitting,  3.4  mils  for  day  ritandlng,  end  7.8  mils  for  night  sitting. 

In  graphiic  terma  the  circle  uiainetei  s  Uuii  include  half  Ute  ruunds  tired  (2  x 
CEP)  at  100  yd  are  about  25  in.  for  day  sitting,  29  in.  for  day  standing,  and  66 
in.  or  5Vs  ft  for  night  sitting. 

aua  O^a  ACOi  vUtUAiUgUliA  AAUlU  lAUit?  fkl  3  ill  IH 

percent.  This  corresponds  to  an  average  aiming  error  of  3.6  mils  (based  on 
a  mean  target  range  of  160  yd).  If  it  is  desired  to  deduce  accuracy  values  for 
all  fire  including  unaimed,  the  14  percent  hit  probability  is  reduced  to  about 
4.4  percent  by  considering  that  the  69  percent  unalmed  fire  (App  C)  score 
negligible  hits.  This  4.4  percent  hit  probabiUty  corresponds  to  a  7.0-mii  aim¬ 
ing  error. 


11.  Average  rate  of  rifle  fire  is  3  sec/round. 

12.  Average  time  to  acquire  a  target  is  !*/«  sec. 

13.  Average  extent  of  laie  fire  (after  target  disappearance)  is  iV*  sec. 


The  timg  pattern  of  fire  is  deduced  in  Af^  1.  These  averages  hold  for 
this  experiment.  This  late  fire  constitutes  sbout  12  percent  of  all  fire. 

14.  Average  rate  of  fire  drops  to  3.2  sec/round  for  sitting  and  increases 
to  2.8  sec/round  for  standing  or  night. 


Rales  of  fire  can  also  be  compared  for  the  several  fi.*‘ing  conditions.  The 
average  numbers  of  rounds  fired  per  run  from  Tabic  K14,  divided  by  the  target 
up  times  (231,  253Vi  sec)  yield  average  firing  times  of  3.2  sec  for  day  sitting; 
2.7  sec  for  day  standing;  and  2.8  sec  for  night  sitting.  TMs  agrees  with  i  w 
App  I  over-all  average  of  3  sec/round  but  shows  s  slight  increase  in  time  for 
careful  aiming  and  a  sligitt  decrease  for  less  careful  aiming. 


15.  The  relative  hit  protmbilitles  by  qualification  are  100  for  expert,  88 
for  sharpshooter,  75  for  marksman,  and  43  for  unquailfisd. 


Appendix  G  compares  squad  performanct  against  squad  composition  by 
Army  marksmanship  qualificstlon,  and  deduces  relative  score#  by  qusilficiUon. 
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16.  During  the  experiment,  the  hltii  per  round  was  constant,  the  hits  per 
unit  time  increased  about  2  percent  per  run  (rate  of  fire  Increased  about  2  per¬ 
cent  per  run). 

The  trends  of  score  with  experience  in  the  test  firing  is  examined  in  AppH 
rnd  App  K.  This  shows  a  19  to  29  percent  increase  In  roimds  fired,  and  a  neg¬ 
ligible  Increase  in  hit  probability  over  the  learning  span.  This  Increase  in  hits 
per  unit  time  is  large  enough  to  warrant  examination  of  its  implications  for 
training. 

17.  Hits  follow  inverse-square  law  with  range. 

18.  Hits  and  amount  of  fire  are  proportional  to  target  appearance  time 
(less  IV4  tec  initial  lag)  for  targets  exposed  6  sec  or  longer. 

19.  The  smaller  (F)  targets  received  10  percent  less  fire  than  the  large 
(£)  targets,  and  only  about  two-thirds  as  many  hits  per  area. 

20.  Target  movement  reduced  fire  and  hits  by  about  10  percent. 

21.  Concealment  reduced  the  amount  of  fire  by  about  30  percent,  the  hits 
by  about  10  percent. 

22.  Blank  fire  at  targets  Increased  hits  about  50  percent. 

Appendix  P  on  target  characteristics  leads  to  conclusions  17  to  22  (from 
Table  P8). 


RECOMMENDATIONS 

1.  The  duplex  and  triplex  ammunitions  should  be  considered  for  adoption. 

The  increased  casualty  production  of  both  duplex  and  triplex  ammunitions 
is  considered  well  enough  demonstrated  to  warrant  their  official  consideration 
by  Department  of  the  Army  and  CCX^ARC  for  adoption.  This  consideration 
should  presumably  be  based  on  independent  Army  tests  and  ai^ropriate  eco¬ 
nomic  and  standardization  aspects  not  evaluated  in  this  study.  The  demon¬ 
strated  gains  warrant  more  effort  on  duplex  and  triplex  ammunitions  than  on 
conventional  single-bullet  ammimltions  and  weapons. 

2.  Additional  tests  of  triplex  and  flechette  ammimltions  should  be 
conducted . 

Further  tests  are  needed  of  the  casualty-production  capability  of  triplex 
and  flechette  ammunitions.  The  principles  are  now  clearly  shown;  these  tests 
should  be  performed  by  CON  ARC  or  Ordnance  Corps. 

3.  Flechette  development  should  be  accelerated. 

The  flechette  potential  is  so  high  as  to  warrant  development  of  a  much 
superior  prototype.  Fabrication  of  a  system  of  tighter  dispersion  and  more 
convenient  physical  characteristics  is  an  Ordnance  Corps  responsibility. 

4.  A  flechette  side-arm  load  should  be  developed  for  test. 

Thj  clear  by-product  recommendatlixi  oi*  this  study  requires  inltiatlxxn  of 
a  project  by  Ordnance  Cornn  to  r  roduce  a  suitable  side-arm  flechette  load  for 
testing. 
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5.  Docirine  for  aimed  automatic  shoulder  fire  ahould  be  reviewed. 

Since  auiomitlc  fire  from  the  shoulder  scored  poorly  in  the  SALVO  I 
experlmeni,  the  Irainlng  for  such  fire  should  be  reviewed  (perhaps  by  HumRRO), 
and  modified  if  necessary. 

6.  An  investigation  of  smaller  weapons  should  be  initiated  to  identify  ob¬ 
served  .22-cal  gains. 

The  improved  performance  of  the  two  smaller  caliber  weapons  may  be  due 
tc  weight,  recoil,  or  caliber  difference.  An  experimental  investigation  by 
CONARC  or  Ordnance  Corps  is  needed  to  identify  the  specific  cause. 

7.  A  .22-cal  duplex  ammunition  should  be  fabricated  and  tested. 

A  .22-cal  duplex  ammunition  appears  to  afford  dual  advantages  of  duplex 
hit  increase,  and  .22-cal,  improved  operaUonal  accuracy.  This  might  well  offer 
the  best  bet  for  Interim  adoption. 

8.  The  peep-sight  requirement  should  be  reconsidered. 

The  night  differences  observed  suggest  that  the  present  peep  sight  is  too 
restrictive,  and  that  a  large  peep  or  an  open  sight  Is  superior.  This  could  be 
demonstrated  by  experiment,  perhaps  by  HumRRO. 

The  lack  of  knowledge  of  how  to  extend  the  reeults  of  this  study  to  real 
combat  emphaszles  the  need  for  data  dn  combat  rifle  accuracy.  ORO  is  attempt¬ 
ing  to  extract  data  from  experience;  other  efforts  are  needed. 

10.  This  experimental  context  should  be  considered  for  training  use. 

The  learning  observed  and  demonstraled  in  this  experiment  cuggests  the 
utility  of  the  same  sort  of  context  for  use  in  training.  HumRRO  might  examine 
ORO’s  test  system  for  useful  training  features. 
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A2.  Oualifications  Furnished  and  Requested 
A3.  Individual  Quaijfications 
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SUMMARY 

Test-subject  selection  was  based  on  the  marksmanship  scores  found  tn 
the  eight  battalions  of  the  3d  Inf  Dtv  tn  May  1858.  In  accordance  with  these 
scores  ORO  requested  four  ‘average*  10-man  squads,  each  composed  of  1  ex¬ 
pert,  4  sharpshoolein,  4  i^iarksmen,  and  1  unqualified  ftrer.  Two  additional 
squads  were  requested— one  of  tO  experts  and  one  of  10 unqualified  flrers.  The 
3d  Dlv  furnished  3  experts,  24  sharpshooters,  13  marksmen,  and  no  unquali¬ 
fied  flrers,  unevenly  distributed  among  the  four  average  10-man  squads;  8 
experts  and  2  sharpshooters  for  the  expert  squad;  and  2  experts,  2  sharpshoot¬ 
ers,  2  marksmen,  and  4  unqualified  flrers  for  the  unqualified  squad. 

llie  test  subjects  were  asked  a  series  of  questions  after  each  pair  of  runs, 
and  another  after  the  completion  of  each  week  of  firing.  They  reported  an  over- 
u-hclming  preference  the  T48  wtth  semiautomatic-  and  automatic-fire  op¬ 
tion.  The  reason  most  commonly  given  for  this  preferencewas  the  ‘added  fire¬ 
power”  that  the  automatic  fire  provided.  The  test  subjects  also  expressed  a 
dislike  for  the  carbine,  which  had  the  same  automatic-  and  semlautomatlc-flre 
option.  The  reason  here  was  lack  of  ‘killing  power.”  Answers  to  other  ques¬ 
tions  are  presented  in  the  section  ‘Debriefing.* 


TEST  SUBJECTS 

The  major  criterion  used  In  the  selection  of  the  test  subjects  was  their 
rifle  marksmanship  qualifications.  In  addition  each  subject  was  given  a  com¬ 
plete  physical  examination,  and  his  medical  records  were  checked  to  ensure 
that  he  had  no  record  of  heart  disease  or  epilepsy.  This  precaution  was  taken 
because  of  the  use  of  electric  shock  during  the  test. 

The  results  of  a  survey**  of  the  rifle  marksmanship  of  eight  battalions  of 
the  3d  Dlv  are  shown  In  Table  Al. 

To  the  nearest  10  percent  this  distribution  may  be  i^roxlmated  by  tO 
percent  experts,  40  peresnt  aharpehooters,  50  percent  marksmen,  and  no  un¬ 
qualified.  It  was  Judged,  however,  thnt  at  least  a  few  of  the  mlntauin-score 
marksmen  were  ‘penctl-quallfled.*  Hence  It  was  dectdsd  that  the  lest  sub¬ 
jects  should  inclute  10  percent  experts,  40  percent  sharpshooters,  40  peresnt 
marksmen,  and  10  percent  unquallfted.  The  40  test  subjects  requested  froaa 
the  3d  Dlv  were  to  be  10-aaan  groups  or  squads,  each  group  Iscludlng  1  expert, 
4  sharpshooters,  4  marksmen,  and  1  miqusllfted  rlflsaiaB. 

The  2d  Bn  of  the  Sd  Dlv  sent  four  10- mss  lots  to  the  lest  stte  oeteeatbly 
having  the  given  qusilif Icatlons .  Ehirlng  the  coudact  of  ths  expertment,  particu¬ 
larly  as  a  result  of  the  debrtefkkg  interviews,  suspicion  aroes  conesmlag  ths 
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marksmanship  qualifications  of  the  test  subjects.  Since  It  was  then  too  late  to 
change  test  subjects  the  test  continued  with  the  troops  furnished.  A  subsequent 
check  of  the  service  records®  of  the  test  subjects  indicated  deviation  from  the 
original  criterion  as  shown  in  Table  A2.  Imbalance  occurred  both  In  totals  and 
in  each  10»man  squad.  For  example,  squads  E  and  F  were  suf^xised  to  be  com¬ 
posed  exclusively  of  experts  and  unqualLfieds,  I'espectively.  Although  this  was 
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(AiAIJFICATIOSS  FUHMISHU)  ANO  fltyCLSTED* 


Sqaad 

Fipert 

Stiarpahooter 

Morkaaian 

Uaqaalitied 

A 

i(  1) 

3(  4) 

6(  4) 

0(  I) 

11 

K  1) 

7(  4) 

2(  4) 

0(  1) 

C 

0(  1) 

6(  4) 

4(  4) 

0(  1) 

U 

K  1) 

e(  4) 

1  (  4) 

0(  1) 

F. 

8(10) 

2(  0) 

0(  0) 

0{  0) 

F 

2(  0) 

2(  0) 

2{  0) 

4(10) 

Total 

13(14) 

28(16) 

15(16) 

4(14) 

‘Pareathetical  ealriM  v*  tbs  r*<|««ato«l  aiMib«rs:  tba  ■amban  pr«< 
cadiafi  iaSicata  the  aamber*  faraiah^. 
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not  the  case  It  can  be  seen  that  there  was  in  fact  a  large  difference  between 
the  qualifications  of  the  two  lota,  and  hence  the  experimental  objective  of 
measuring  qualification  effects  on  salvo  gain  was  largely  fulfilled. 

Table  A3  ahowa  the  results  ol  the  poetexperlment  study  of  personnel  rec¬ 
ords  of  personnel  teeled  is  the  SALVO  I  SKperlaent.  The  subject's  vespon 
qusllficatJon  listed  in  the  table  la  the  one  that  had  the  lateat  date  on  his  rec¬ 
ords.  Some  of  the  records  were  not  available  becauae  of  discharfea  or  trana- 
(era,  vtd  these  inatancea  are  noted. 

Seventy-five  percent  of  theee  teat  aobjects  were  enllateaa,  and  7S  percent 
had  over  2  years  of  service.  They  had  completed  an  average  of  oVi  yeara  of 
schooling,  the  range  being  from  the  third  grade  to  the  third  yeer  of  college. 
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INUVIDDAL  (A-'ALinCATIONS 


S<tnad  aild  Uat  ••bjact 

^ualificatioaa 

from 

peraouaal 

records 

3d  Div 
deaiguatiou 

1 

faad  and  teat  aabject 

Qualificatiaaa 

from 

peraonual 

records 

3d  Div 
daaignatioa 

Squad  A 

Sgt  Itoaa/Kc 

• 

E 

Sk,««d  D 

Pfi  Hall 

E 

E 

Sgt  Lopei 

ss 

SS 

Sfc  ’Wftaa 

SS 

SS 

Pvt  Perei 

ss 

ss 

Sp  3  Swafford 

SS 

ss 

Pfr  l)«agee 

ss 

ss 

Sp  3  Cbspaiaa 

SS 

ss 

Pvt  F  .adaoa 

MM 

ss 

Sp  3  llraii  iOQ 

SS 

ss 

Sgt  IWr> 

MM 

MM 

Sfc  Piaa 

SS 

MM 

Sgt  DeuBCtt 

h 

MM 

Sp  3  Suffer 

SS 

MM 

Sp  3  Chitwood 

NM 

MM 

Pvt  Pem 

SS 

MM 

•Sp  3  Drake 

MM 

MM 

Pfe  Rrowa 

MM 

MM 

Pvt  ftlielchel 

MV 

UNQ 

Pvt  ftoaldia 

SS 

UNO 

Squad  D 

Sfc  Kooklc 

E 

E 

Expert  aqaad 

PL  Oliver 

E 

K 

S,’^*  Frowley 

c 

SS 

Sgt  WtlsOB 

SS 

E 

Sp  3  Harris 

c 

ss 

Pfe  llugih 

E 

Pvt  \dama 

b 

ss 

I’vt  Holder 

b 

E 

Pvt  kttowics 

ss 

ss 

f’lc  Diax 

SS 

E 

tut 

j.. 

c* 

r» 

•  e 

Pvt  Ikbaiie 

ss 

Pvt  Fowler 

E 

E 

Sfc  Perry 

MM 

\fM 

Pvt  Baiia 

E 

E 

Pvt  liaoo 

ItM 

!UM 

Sp  3  Saaebax 

E 

E 

f’»t  /erbe 

SS 

iJNg 

Sic  Puiatcr 

E 

E 

Squad  C 

Sfc  ZJiua 

ss 

E 

t'aqaali'ied  squad 

Sfc  Dabl 

SS 

UNO 

Sp  3  Mofk 

ss 

SS 

fVe  Caaper 

d 

UNO 

Sp  3  Frreavau 

ss 

ss  i 

.Sp  3  E.dward« 

E 

UNO 

Sgt  O’Reilly 

ss 

ss  : 

Sp  3  Millar 

E 

UNO 

Sp  3  CbuiuLliaa 

ss 

ss 

Sp  3  Kaaaaly 

SS 

UNO 

Pvt  Miller 

MW 

MM  1 

Sp  3  Seas 

MM 

UNO 

Sp  3  Wright 

kAl 

MM 

Pie  McNabb 

UNO 

UNO 

Pvt  Roai 

MM 

MM 

Pfe  Uttle 

UNO 

I’NQ 

Pic  Ortii 

\»1 

m\ 

Pvt  Coame 

UNO 

UNO 

I’vt  Uoaarr 

ss 

UNO 

_ _ _ 1 

Pvt  Colaa 

MM 

UNO 

'Discharged. 

I’TraufetTod. 

'^.No  qaafificaliou  rueord.  dOecord  miaaiag. 

DEBRIEFING 

After  each  set  of  two  rwM  aad  at  the  end  of  each  week  of  firing  the  teat 
subjecte  were  aeked  two  serlea  of  questlona  about  the  experiment  Itaelf  and 
about  the  teat  and  control  itemA.  The  object  of  these  queatlona  waa  to  obtain 
subjective  Information  concezidng  the  effect  of  the  experiment  on  the  teat 
subjects,  and  also  to  uncover  any  factors  affecting  the  experiment  that  were 
not  obvious  on  the  firing  line,  llsese  questions  were  asked  in  Indlridual  inter¬ 
views.  Some  difficulty  was  experienced  In  questioning  the  Puerto  Rican  sol¬ 
diers  owing  to  their  Imperfect  vmderetandiog  of  English.  The  questions,  a  nu¬ 
merical  tabulation  of  the  answers,  and  an  Interpretation  of  these  answers  follows. 
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Queetioaa  Asked  after  Etch  Set  of  Two  Runs 

I."  Did  your  wetpon  malfunction?  Which  ru"  and  how  many  tlmaa?* 

The  anawera  to  thea*  queatlona  were  ao  vague  and  Inaccurate  that  asking  them  was 
dlacontinusd.  This  Information  waa  instead  collected  on  the  firing  line  by  the  Ordnance 
repreaentatlvea  and  is  reported  In  App  N. 

2.  *Do  you  feel  that  the  targets,  that  is,  the  way  they  appeared,  the  time  they 
were  up,  and  the  dlatancea  at  wkteh  they  appeared,  were  like  what  you  would  expect  com- 
h^  to  bo  like  7  * 


Answer 

Response,  % 

Just  like  comhat 

J8 

Very  much  like  combat 

21 

Soinetblns  like  combat 

57 

Not  much  like  combat 

3 

Not  at  all  like  combat 

1 

3. 

*Did  the  wires  attachad  to  your  rifle  Interfere  with  your  getting  hits?* 

Answer 

Response,  % 

Did  not  interfere 

100 

4. 

“How  much  was  your  firing  affected  by  concern  over  getting  an  electric  shock 

on  your  leg?  * 

Answer 

Response, % 

A  lot 

0 

Some 

2 

Very  little 

5 

Not  ^  all 

93 

5. 

'How  much  was  firing  affected  by  the  wires  attached  to  your  leg?* 

Answer 

Response,% 

A  lot 

0 

Some 

0 

Very  little 

2 

Not  at  all 

98 

«. 

*Ob  this  run  did  dust  on  the  tsrget  system  Interfere  with  your  getting  hits?* 

Reaponee,  % 

Answer 

of  rums 

Dust  did  not  interfere 

19 

Dust  did  Intarfere 

81* 

*On«  or  more  mea  reported  Merfereaee. 
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On  the  81  percent  of  the  run*  on  which  there  wee  eome  report  of  duet  (nt.»rf**rence 
an  average  ot  &8  percent  of  the  flrers  reported  this  Interference.  Thie  dust  was  fronn 
low  rounds  and  demolitions  In  the  target  system. 

7.  *What  effect  did  heat  have  on  your  getting  hits?” 

Meat  was  not  reported  aa  affecting  hits. 

8.  *Was  there  anything  else  that  affected  your  getting  hits?  If  $o,  what?” 

This  was  3  catch-all  question,  which  aometiitiee  turned  up  interesting  results.  One 
man  reported  that  he  had  received  five  Inoculations  in  the  upper  part  of  his  right  arm  be¬ 
fore  coming  to  the  field  for  the  day's  firing.  By  the  end  of  the  day  the  man  reported  a 
very  painful  shoulder.  OHO  requested  that  the  teat  subjects  be  given  no  more  Inocula¬ 
tions  during  the  balance  of  the  test. 

During  one  run  five  men  reported  receiving  light  shocks  from  the  trigger  housings 
of  their  rifles.  This  situation  was  Investigated  and  corrected 

9.  ‘Were  you  able  to  get  a  sight  plctAire?”  (This  question  was  asked  after  the 
night  runs.) 


Weapon  used 

Yes,  % 

No,  % 

Ml 

0 

100 

T48 

62 

38 

Carbine 

0 

100 

10.  ‘Have  you  fired  tbe  regular  carbine  In  automatic  fire?  If  so,  do  you  think  thit 
the  recoil  compensator  on  the  carbine  caused  It  to  Jump  less  than  an  ordinary  carbine?  * 

Sr.lj  wTUit  tlw  uaiutue  ruus.) 


Answer 

Yea.  % 

No,  % 

Have  fired  carbine  in  automatic  fire 

35 

85 

Of  those  who  had  fired  the  carbine  In  automatic  fire,  all  thought  tbe  modified  car¬ 
bine  used  in  the  test  Jumped  leas. 


Questions  Asked  at  the  End  of  Each  Week  of  Firing 

i.  *lf  you  had  your  choice,  which  of  tbe  weapon-ammunition  combinations  you 
have  fired  In  the  teat  would  you  prefer  to  have  In  combat?” 


Answer 

Response,  % 

T48  sutomaitic  and  semiautomatic 

72 

Ml  with  duplex  ammunition 

12 

No  opinion 

8 

T48  semiautomatic 

5 

T48  automatic 

3 

More  than  90  percent  of  those  who  preferred  the  T48  with  automatic  and  aeml- 
automatlc  option  gave  as  tbe  most  Important  rsaaon  tbe  automatic -fire  eapsHllty.  Cvsn 
though  the  tsat  aubjecta  kaaw  that  the  19-maa  growpe  aa  a  whols  were  getting  hwsr  hHa 
with  nutomalic  firs  the  belief  perstslad  tn  msey  ledIvIdusU  that  they  personally  wars 
gentag  mors  hits.  Othsr  factors  that  oootrtbiitad  le  tbs  popnlartty  of  ths  T4t  wars  the 
larger  aperture  peepsighi  aad  the  bellsf  that  tba  T4g  was  Itgttar. 


ORO-T  371 


(ONFIMNTIAL 


CONFIDENTIAL 


'W’hlc-n  weapon  and  ammualtlon  would  you  loaat  like  to  have  In  combat?" 


Answer 

Response,  % 

Carbine 

62 

No  opinion 

27 

Ml  with  AP 

5 

Ml  with  duplex  or  triplex 

3 

T48  automatic  and  semiautomatic 

3 

In  Hating  their  reaaoDi*  for  their  diallke  of  the  carbine,  90  percent  mentioned  a 
lack  of  'killing  power.*  The  aecond  moat  common  complaint  waa  Ita  high  rate  of  mal¬ 
function.  Thoae  who  diallked  the  Ml  complaineci  about  Ita  weight. 

3.  'How  much  experience  have  you  had  in  firing  the  BAR?* 


Answer 

Responae,  % 

None 

23 

Some  (a  few  rounds  in  basic  training) 

32 

A  lot  (qualified) 

45 

4.  'How  much  experience  have  you  had  In  automatic  carbine  firing?* 


Answer 

Reaponse,  % 

Never  fired 

35 

Some  (a  few  rounds  In  basic  training) 

18 

A  lot  (qualified) 

47 

5.  'Do  you  feel  that  your  concern  over  getting  shocked  would  be  like  your  con¬ 
cern  over  getting  wounded  In  combat?* 


Anawer 

Reaponse, % 

Vary  much  the  same 

10 

Somewhat  the  same 

43 

Not  at  all  the  same 

47 

6.  'Have  you  fired  on  a  range  aimilar  to  this  one  before?* 


Aiawer 

Response,  % 

Yes 

48 

No 

52 

Of  thoaa  who  aald  they  had  fired  on  a  range  similar  to  the  tent  range  before,  all 
but  two  aald  that  they  were  referring  to  the  Army  trannltlcn  range.  Tw'o  of  the  teat 
subjects  had  fired  the  HumHRO  TRAINFIRE  1  rnoga*^  aad  thought  this  and  the  test  range 
quite  similar. 
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SUMMARY 

The  weapons  used  in  the  SALVO  I  test  were  lour  kinds  of  rifles  and  one 
shotgun.  The  rifles  were  (a)  the  standard  Army  .30-cal  Ml  rifle,  (b)  a  modi¬ 
fied  .30-cal  Ml  rifle  with  a  reamed  chamber  to  accept  long-necked  duplex  and 
triplex  cartridges,  (c)  a  .22-cal  (Gustafson)  carbine  developed  at  Aberdeen 
Proving  Ground  from  the  standard  Army  .30-cal  M2  carbine,  and  (d)  a  .22-cal 
T48  rifle  modified  at  Springfield  Armory  from  a  .30-cal  T48  (Fabrique  Nationale 
d’Annes  de  Guerre).  The  shotgun  was  a  Remington  model  11-48A  12-gage  auto¬ 
loading  shotgun  with  four  stiffening  ribs  welded  cn  the  barrel. 


Taisu.  Ul 

T>.ST  (■/)M1IINATI<INS 


Xii'niiBilii.n 

'tiinit 

10-1,1  Ml" 

.lO-,-,.!  M2 

8 

10-r«l  Ml 

^n.,  «|  M>  W 

10 

lO-c.l  Ml" 

tluplrx 

1  i 

lO-tal  \'l- 

.'^^^1*1  Inrlfk 

•> 

.22-c«l  TtH" 

.‘.’J-vhI  Sierr« 

16 

.22'C*I  ‘1?  carhiBr* 

.2'’-c,l  furbinr 

16 

9 

T  oIbI 

68 

Special  ammunitions  were  developed  fur  this  test  and  compared  with  stand¬ 
ard  Army-issue  .30-cal  M2  single-bullet  ammunition.  The  experimental  rifle 
ammunitions  were  (a)  .3d-cal  duplex  (controlled-dlsperslon  type),  (b)  .30-cai 
triplex  (random -dispersion  type),  (c)  .22-cal  Sierra  ammunition,  all  produced 
by  Olln  Math leson  Chemical  Corp.,and  (d)  .22-cal  carbine  ammunition  developed 
at  Aberdeen  Proving  Ground.  The  12-gage  shotgun  shell  contained  32  flechettos 
that  were  1  25  in.  long,  developed  and  produced  by  Aircraft  Armaments  Corp. 

Ths  experimental  single-txillet  rifles  and  aramxmition  were  checked  for 
dispersion,  sad  all  proved  generally  comps raMe  to  the  standard  Ml  rifle  with 
single-bullet  ammunition  Velocity  and  lethality  were  also  compsi  d,  and 
showed  that  ths  experimeatal  rifle  loads  wers  as  effective  as  the  standard 
ammunition  against  personnel  targets  out  to  350  yd.  The  weapon -ammunition 
combtastlons  used  in  the  test  are  llstad  in  Table  Di 
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WEAPONS 

Flj^re  B1  shows  the  test  weapons,  and  Table  B2  compares  the  rifles  and 
shotgun  with  respect  to  some  of  their  differences  In  specifications.  A  comparison 
of  the  accuracy  of  these  weapons  using  the  test  ammunition  Is  given  In  the  next 
section  in  Table  B4. 
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Fig.  B1— T«»t  Wvopons 


.3Q-Cal  Ml  Rifle 

The  original  plan  at  the  experiment  was  to  use  modified  Ml  rifles  to  fire 
not  only  the  duplex  and  triplex  rounds  but  also  the  slngle-buUet  rounds.  The 
suggestion  was  made  during  the  experiment  that  single>bullet  performance 
might  be  thought  to  be  degraded  with  the  modified  Ml  i  /.ctorUlngiy 

Board  3  of  The  Infantry  Center  supplied  12  unmodified  Ml  rifles  for  half  the 
single -bullet  runs.  These  rifles  proved  no  more  accurate  or  Immune  from 
malfunctions  than  the  modified  Ml’s  they  supplanted  Ten-efcot  groups  were 
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taken  alter  the  experiment,  uging  an  expert  lirer  from  a  beneh  rest.”  Ten  ol 
these  unmodllied  Ml's  had  a  linear  standard  deviation  of  less  Lhan  0.4  mil,  but 
two  were  quite  inaceurate:  1.1  and  1.7  mils.  However,  even  these  large  errors 
are  generally  smaller  than  the  experimental  aiming  errors  and  do  not  there¬ 
fore  notably  aifeet  the  experimental  results. 


Characteristics  ot  T>:irr  W'r  ai*ons 


Ckaracteriiilic 

.30-cal  Ml 

.22-cal  T48 

.22-val 

12-Kapc 

ab'itKun 

VeiKbl  (empty  aliBg).  lb 

9..S 

9.7 

5.2 

R 

Veigbl  (fnll  mapazine,  with  aliapi,  lb 

10.0 

10.7 

6.3 

8.5 

Rifle  leaptb,  ia. 

43.6 

43.0 

35.6 

■18.5 

liarrel  Iraptk,  in. 

2i 

21 

18 

26 

Barrel  rifliap  (ripbt-baad  twiat),  ia. 

10 

9.7 

16 

None 

N amber  of  ^poovea 

2  or  4 

6 

6 

0 

Sipfal  radios,  ia. 

28 

22 

22 

— 

Siphl-apertore  disneter,  ia. 

0.069 

0  (W 

0.079 

- 

\verap«  aya-to^apertare  diataace,  ia. 

5 

2.5 

4..5 

— 

Tripper  pall,  lb 

6-7 

6—7 

.5-7 

— 

Capacity,  roaada 

8 

20* 

15 

5i> 

Rate  of  fire,  saiomatic,  rouads  raia 

Nose 

700 

750 

Noae 

"la  practica  iba  20tb  roaad  ia  the  T48 

(Jeaipned  for  .30 

cal)  ca 

used  the 

weapos  to  jaa.  Ileaca  oaljr  19  roaoda  ware  loaded  in  tbe  T48  ma^pizine. 
l>Foar  in  maKaxiae  piaa  one  in  chamber. 


■30-Cal  Ml  Rifle  (Modified) 

The  standard  Army  rifle  was  modified  by  Springfield  Armory  by  elongating 
the  chamber  to  accept  th®  long-necked  experimental  rounds.  The  chamber  was 
lengthened  0.46  in.,  using  reamers  supplied  by  Olin  Mathleson  Chemical  Corp.” 
These  reamers  are  easy  to  use,  even  by  relatively  inexpert  technicians.  An 
Illustration  of  this  operation  is  given  in  Fig.  B2. 

The  rifles  were  fired  from  a  cradle  to  check  their  accuracy  before  and 
after  chamber  elongation.  The  linear  standard  deviation  (using  M2  ball  ammu¬ 
nition)  before  rechambering  was  0.31  mil,  and  after  rechambering  0.38  mil.” 
After  the  test  11  modified  rifles  were  sent  to  Development  and  Proof  Services, 
Aberdeen  Proving  Ground,  where  their  ballistic  dispersion  was  again  measured 
In  bench-rest  firings  at  0.33  to  0.44  mil.*'  This  accuracy  is  just  about  the  Mime 
as  the  0.38  mil  established  mean  accuracy  of  standard  Ml  rifles  tested  with  the 
same  lot  of  ammunition.  The  ammunition  used  was  .30-cal  M2  single -bullet 
the  range  was  100  yd,  and  the  firings  were  bench  rest  by  two  outstanding  experts. 

.22 -Cal  T48  Rifle 

Twwlvs  .30-cal  T48  rifles  were  modified  by  Springfield  Armory**  to  fire 
the  .22-cal  Sierra  cartridge.  These  rifles  were  first  manufactured  by  Fabrique 
Natlonale  d'Armes  de  Guerre,  Lie^e,  Dclgium.  General  characteristics  are 
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given  in  Table  B2.  The  T48  Is  a  llght-welglu,  air-cooled,  gas-operated, 
magazine-fed  shoulder  weapon  designed  to  deliver  selectlve'y  either  semi¬ 
automatic  or  automatic  fire. 

The  12  rifles  were  tested  at  Springfield  Armory  before  the  experiment 
for  function  and  accuracy.  The  average  linear  standard  deviation  when  fired 
from  a  bench  rest  was  0.35  mil.** 


Fig.  d2 — Ml  Chofnbw  RMtring 

.22-Cai  Carbine  (Modified  .30-Cal  M2  Carbine) 

The  standard  Army  .30-cal  M2  carbine  was  modified  at  Aberdeen  Proving 
Ground.**  A  commercial  .22-cal  barrel  blank  was  machined  so  that  its  outside 
contour  was  the  same  as  that  of  a  standard  .30-cal  carbine  barrel,  internal 
modifications  were  required  to  accommodate  the  different  cartridge.  The 
muzzle  was  threaded  to  accept  a  compensator  deslgied  to  minimize  vertical 
and  horizontal  muzzle  movement,  and  to  functlixi  as  s  “muzzle  brake. ”  reducing 
recoil  by  changing  the  direction  of  the  expanding  powder  gases.  The  sverage 
linear  standard  deviation  was  about  0.13  mil. 

n-Gage  Autoloading  Shotgun 

The  shotgun  used  In  SALVO  I  was  a  modified  version  of  the  Remington 
model  n-43A  sporting  arm. utilizing  the  recolling-barrel  principle  to  adhlcvs 
Its  autoloading  action.  The  tapered  shoulder  at  the  forward  edge  of  the  chamber 
was  reamed  square  to  arcumoHxla'e  the  special  flecbetts  ammunition.  Four 
longitudinal  ribs  were  welded  to  the  barrel  to  mlnlmlac  whip.  These  added 
approximately  1  lb  to  the  weight  of  the  weapon  and  shifted  the  balance  point 
1.75  in  toward  the  muazle  The  barrel  bore  is  a  simple  wnssodilled  cylinder. 
The  Sim  is  accumplished  with  a  bend  front  sight  and  an  open  rnnr  sight. 
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AMMUNITION 


Five  different  kinds  of  rifle  ammunition  were  fired;  three  were  .30  cai 
and  two  were  .22  cai.  One  type  of  shotgun  load  was  aiso  fired.  The  ammuni¬ 
tions  are  compared  for  seiected  characteristics  in  Table  B3  and  pictured  in 
Fig.  B3.  Comparisons  of  the  rifle  ammunitions  with  respect  to  precision  are 
given  in  Tabie  £14.  These  dispersion  values  were  obtained  from  severai  sources. 
The  ranges  indicate  variations  In  these  reported  values.  Some  of  the  larger  de¬ 
viations  arise  from  differences  in  measurement  technique. 

Tahle  n3 

CWARACTtHISTlCS  OF  TtlSl  AMMUNITIONS 


Cbaracteriatic 

.30>cal 
M2  AP 

.30-cal 

duplex 

.30-cal 

triplex 

.22-cal 

Sierra 

.2?<al 

carbiae 

32-n:rhette 

12-gage 

abolgan 

Total  roaad  weight, srataa 

tu 

445 

434 

287 

132 

717 

Caae  leagth,  ia. 

2.49 

2.94 

2.94 

2.PJ 

1.10 

— 

Projectile  weight,  tp-aioa 
Prop> 'U  weight,  graioa 

163 

96  »  2 

60  >3 

68 

41 

12x32 

Maia  w  .rge 

53 

49 

SO 

44 

16 

30 

Hetwaea  balleta 

— 

2 

1 

— 

— 

— 

Caae  voIdbm,  cb  Id. 

0.23 

0.23 

0.24 

0.19 

o.oa 

— 

Ckatga-to  waaa  ratio 

0.33 

0.27 

0.2S 

0.65 

0.40 

— 

Total  length,  ia. 

3.34 

3.34 

3.34 

2.62 

1.6S 

2.66 

Ckaaikar  preaaara,  pai 

50,000 

52,000 

5.5,000 

54,000 

37,000 

— 

Velocity,  ft/aec* 

2760 

2510, 

2350 

3680, 

2560, 

2500 

3300 

2980 

1260 

*[)nplcii  and  triplex  valaea 

far  firat. 

aeeoad. 

aad  third  balleta,  re 

apcci'velv. 

Table  lU 
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GarUidge 

l.iaaar  ataadard 
dariatioa,  mi  la 

.30^al  VI2  AP 

0.33-0.44 

.30-eal  duplex 

O.lS-0.4? 

.30-cbI  triplex 

0.37-3.60 

.22>«al  carktae 

0.12-0.14 

.22-cal  Siarra 

0.16-0.44 

Moat  of  the  precision  data  on  SALVO  aaainunitloas  was  supplied  as  mean 
radius  and  extreme  radius.  It  is  assumed  that  the  patterns  are  Gauaslsn  and 
radially  symmetrical,  permlttinf  computation  of  the  cor  respond  inf  linear 
standard  derlations  o  from  mean  radiua  r .  The  Irmas  format  ion  ia  aiade  aa 
followa  from  the  defutttion  of  the  distrlbuth^ 

tf/*  .  «*!•  (1^  •*  *,  (Bll 
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where  di'  Is  the  probability  of  a  hit  at  distance  r  from  the  center  of  the  pattern. 
The  mean  radius  r  is  defined  as; 

7 •  (  r  dP  ( ^2) 

0 

With  appropriate  substitution  this  yields  the  useful  conversion  factor 

(7  -  V  T  »  r  «  0.80  r  (B3) 


Fig.  B3— 'Test  Anmwnitions 


.30>Cal  M2  Sin^e-Bullet  Cartridge 

The  experimental  control  ammunition  used  in  the  te^k  .30'Cal  single 
bullet.  This  was  selected  in  preference  to  ball  ammunition  because  the  elonga¬ 
tion  of  the  Ml  rifle  chamber  was  expected  to  produce  a  slight  decrease  in  bal¬ 
listic  accuracy  of  ball  ammunition,  which  it  did,  from  0  31  mil  before  reaming 
to  0.38  mil  after.  Not  so  great  an  effect  was  expected  on  the  accuracy  of  single 
bullet  ammunition.  As  it  turned  out  the  modified  Ml  rifles  were  used  after  the 
first  week  of  the  test  only  for  long-necked  duplex  and  triplex  cartridges.  Ball 
ammunition  is  usually  slightly  more  precise  than  single-bullet,  but  proved  to 
be  the  same  in  the  modified  Ml;  the  average  linear  standard  deviation  of  both 
was  0.38  mil.** 

■30 -Cal  Duplex  Cartridge 

The  duplex  round  was  developed  and  produced  by  Olin  Mathl^soo  Chemical 
Corp.  and  was  of  tie  "cont rolled-dispersion''  type**  This  nomenclature  is  con¬ 
trasted  with  "random  dispersion.”  The  second  or  rear  bullet  of  the  controlled 
dispersion  deviates  from  the  path  of  (h#  (irnt  bullet  by  approximately  a  2  4 -mil 
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Fig.  B4 — PoHwn  of  .30-Col  Duplox  Controlled  Disporsion 

F,  froof  bulUt,  9,  r*or  bulUt,  ronge,  100  yd,  poiition,  machine  fe*f. 

average.*^  Tilting  the  heel  of  the  rear  bullet  causes  that  bullet  to  deviate  from 
the  aiming  point.  The  direction  of  the  deviation  depends  on  the  original  orlenta 
tlon  of  the  bullet  ’ji  the  chamber  and,  since  this  orientation  was  random,  the 
points  of  impact  of  the  second  bullets  were  randomly  oriented  around  the  aim¬ 
ing  point.  The  pattern  is  described  further  in  App  M,  Indicating  an  optimum 
bullet  separation  (for  70  percent  lethality)  of  2.8  mils.  For  practical  purposes. 
Fig.  M8  shows  that  the  achieved  seiieratlnn  of  2.4  mils  Is  adequate. 

The  description  of  the  behavior  of  the  duplex  ammunition  just  given  Is 
somewhat  idealized.  An  example  of  this  pattern  resulting  from  the  duplex 
ammunition  used  on  the  SALVO  1  test  Is  given  In  Fig.  D4.  There  is  a  central 
group  of  holes  made  by  the  front  bullet,  and  dispersed  around  this  group  are 
the  second  or  rear  bullet  boles 
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Since  duplex  ammunition  is  being  considered  as  a  substitute  for  the  single 
bullet  a  comparison  of  the  relative  precision  of  the  two  ammunitions  becomes 
of  Interest.  Table  B4  gives  the  front-hdlet  dispersions  for  standard  and  ex¬ 
perimental  ammunitions.  These  linear  standard  deviations  were  obtained  from 
both  bench- rest  and  Mann  barrel  machine -rest  firings  at  100  yd.  It  is  clear 
from  these  firings  that  duplex  front-bullet  and  single -bullet  precisions  are 
essentially  the  same.*^’”  Henc«.>  the  duplex  rear  bullet  may  be  regarded  as  a 
bonus  or  gratuitous  Increase  In  hit  probability. 

.30-Cal  Triplex  Cartridge 

The  triplex  ammxmltion  was  manufactured  by  Olin  Mathleson  Chemical 
Corp.  using  the  same  long-necked  case  as  the  duplex  ammunition.** 

The  markedly  high  error  for  triplex  ammunition  in  Table  B4  is  not  sur- 
prieing.**’**  The  higher  value  comes  from  bench-rest  rather  than  machine - 
rest  firings.**  The  pattern  from  the  test  ammunition  is  of  the  so-called  “random” 
type;  i.e.,  all  three  bullets  fit  roughly  a  symmetrical  Gaussian  pattern  about  the 
center,  and  the  front  bullet  Is  not  notably  more  accurate  than  the  trailing  bullets. 
Unlike  the  “controlled*  duplex  pattern  all  three  bullets  had  the  possibility  of 
central  hits.  Test  firings*’  report  that  two-  iiirds  of  ail  bullets  fired  fall  within 
a  circle  of  i  1.3-in.  average  radius  at  100  yd.  From  the  Gaussian  distribution 
the  hit  probability  Is  given  by 

-  1  (B4) 

For  P/y  s  0.67  and  R  *  11.3/3.6  mils,  o  >  2.14  mils.  Thus  the  standard  devia¬ 
tion  o  of  the  experimental  triplex  ammunition  Is  2.1  mils.  Figure  M16  in  App 
M  shows  an  optimum  triplex  o  of  1.7  mila.  From  that  figure  the  achieved  a 
of  2.1  mils  Is  quite  adequate. 

.22-Cal  Carbine  Cartridge 

The  carbine  ammimition  was  developed  and  produced  at  Aberdeen  Proving 
Ground.**  The  cartridge  case  is  a  rimless  bottle-necked  type  with  the  same 
head  dimensions  as  the  commercial  .222-cal  Remington.  The  bullet  ia  a  new 
design  not  previously  tested,  a  fuil-Jacketed  lead-core  ball  approximately  0.57 
in.  long.  This  ammunition  showed  the  least  dispersion  of  all  the  types  tested.*’’** 

.22-Cal  Sierra  Cartridge 

The  .22-cal  Sierra  round  waa  produced  as  a  high-velocity  round  by  the 
Western  Division  of  Olin  Mathiesem  Chemical  Corp.*’  It  was  made  from  stand¬ 
ard  components  to  fit  the  modified  T48  rifle.  Its  performance  was  examined 
with  the  other  ammunitions.*’’** 

12-Gage  32-Flechettj  Shell 

This  round  was  developed  ly  Aircraft  Armaments,  Inc.,  Cockeysville.  Md.** 
At  the  time  of  its  use  in  the  5AT,VO  I  e.«p*riment  It  was  in  early  prototype  form, 
and  limited  data  on  its  performance  are  available. 

The  standard  high-velocity  paper  shotgun  shell  manufactured  by  Reming¬ 
ton  Arms  Co  was  used.  Thirty-two  fin-stabliized  l/«-ln.  steel  darts  replaced 
the  usual  shot  load  Thsse  were  seated  on  >  40-fraiB  aluminum-baae  plug 
0.1  S€  in.  thick  to  develop  desired  pressure  and  to  prevent  tumbling  of  the  fler- 
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hettes  from  the  passage  of  propellant  powder  gases  between  them.  Two  paper- 
base  wads  separated  the  flechettes  and  base  plug  from  the  propellant  charge  of 
smokeless  shotgun  powder.  The  flechettes  were  nested  in  a  cruciform  pattern 
within  four  fiber  sabots  of  about  14  grains  each.  Limited  dispersion  tests  In¬ 
dicated  that  52  percent  of  the  projectiles  hit  within  a  30-in.  circle  at  40  yd.  An 
average  linear  standard  deviation  has  been  given  as  9.4  mils.^ 

BULLET  LETHALITY 

Analysis  of  SALVO  I  test  ammunitions  at  Edge  wood  Arsenal*^  gives  the 
probabilities  of  incapacitation  shown  in  Table  B5. 

Table  H5 


m  i  LET  Lethality  bHOBAmLrnE.s 


(kllet 

Asaault,  % 

Defense,  % 

Averafte,  % 

.SlWal  aidfiU 

44 

43 

44 

.30'€«]  4»fi]ex 

44 

43 

44 

..lO-cal  (riplea 

44 

43 

44 

.22-caI  Sierra 

45 

41 

43 

.2‘2-cal  carbiae 

42 

41 

42 

.087-cal  fieckelte 

17 

IS 

IS 

All  data  in  this  table  are  expressed  in  percentages  of  incapacitations  for 
hits  at  140-yd  real  range.  The  average  range  of  hitting  for  the  SALVO  I  target 
system  is  shown  in  App  P  to  be  133  yd  for  day  fire  and  85  yd  for  night  fire. 

Data  for  500-yd  range  show  a  lethality  drop  of  less  than  7  percent  average. 

These  lethality  figures  are  based  on  hits  on  the  so-called  “100  percent  vulner¬ 
able  body  area*  (vital  organs)  and  neglect  hits  on  nonvltal  areas,  which  have 
vulnerability  of  less  than  100  percent.  It  seems  reasonable  to  require  that 
small-arms  hits  incapacitate  attacking  troops  in  y«  min  and  defending  troops 
in  10  or  15  min.  Hence  the  figures  in  the  “Assault*  column  are  the  percentages 
of  incapacitations  within  Vi  niin.  The  “Defense*  column  Is  composed  of  simple 
means  between  the  computed  values  for  5-  and  30-min  Incapacitation  proba¬ 
bilities. The  figures  of  Table  B5  reflect  the  fact  that  the  assaulting  man  cam 
sustain  less  damage  tham  the  defending  man  before  becomijig  ineffective  in  his 
mission.  The  .30-cad  single-buliet  data  were  actually  obtained  with  the  NATO 
round  but  are  assumed  to  be  applicable  for  the  .30-cal  ball  or  single-bullet 
round  without  change.  It  is  quite  clear  from  Table  B5  that  one  may  use  an 
average  Incapacitation  figure  of  43  percent  for  all  conventional  bullets  and 
18  percent  for  the  IndlvlAiai  flechettes.  Further,  the  difference  between  the 
assault  and  defense  figures  is  so  trivial  that  a  simple  average  la  easily  Justi¬ 
fiable  for  general  use.  It  can  also  be  concluded  that  the  trivial  differences 
among  the  conventional  ammunitions  may  be  neglected . 

A  refinement  of  the  use  of  these  total  incapacitation  figures  is  the  extra¬ 
polation  to  over-all  operational  incapacitation.  This  is  best  explained  as  follows. 
The  total  figures  of  Table  B5  for  43  percent  probability  of  total  Incapacitation 
represent  the  actuai  physical  incapacitation  or  physical  impossibility  for  the 
victim  to  perform  in  combat.  Actually  it  is  expected  that  most  victims  under 
typical  combat  circumstances  wouid  fail  to  function  with  a  level  of  wounding 
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short  of  total  physical  hicapacltatlon.  Even  allowing  for  high  moclvatlon  and 
lack  of  secondary  or  psychological  effect  it  Is  clear  that  the  combat  function  of 
most  victims  would  be  at  least  reduced  in  effectiveness.  In  other  words  It  seems 
reasonable  to  assume  that  the  values  of  Table  B5  represent  minimum  operational 
letliallty,  which  is  sure  to  be  grossly  exceeded  In  practice.  For  example, 
the  Edgewood  figures  (43  percent)  completely  Ignore  a  wound  such  as  one  caus¬ 
ing  loss  of  fine  muscular  coordination  In  the  leg.  Such  a  wou-id  obviously  affects 
a  soldier’s  performance  and  might  reduce  his  effectiveness  In  assault  by  50  per¬ 
cent  or  so.  BRL  personnel  have  Included  such  “partial”  Incapacitations  to  esti¬ 
mate  the  operational  Incapacitation  expected  from  a  .30-cal  single  bullet.  They 
deduce  71  percent  or  1.65  times  the  43  percent  for  the  absolute*  Incajiacitation. 

Table  !Vi 


lln.MET 'Ynetration  Ihsf'Lrs 


Cartridge 

HsOKe,  vd 

Peactratioa 

.30-r«l  V2 

.SOO 

Yea 

.nO-C  rt!  Jop  V  \ 

too. 

Some 

.300 

Some 

.;S0-cal  iriplet 

200. 

\o 

100 

Yea 

.22-cal  ciirbtae 

400, 

No 

.300 

Ye» 

.22 -cal  Sierra 

•tno 

Ye* 

.U67-cal  flecbeUe 

.300 

Some  (at  low 
obliqaity  oaly) 

Use  of  this  same  1.65  ratio  for  the  flechettes  results  in  an  extrapolated 
estimate  of  30  percent  operational  incapacitation  for  that  projectile.  Examina¬ 
tion  of  the  effects  of  the  flechettes,  however,  reveals  that  a  larger  proportion 
of  their  total  effect  accrues  in  the  non-total  vulnerable  area.  This  means  that 
the  proper  correction  from  absolute  to  operational  incapacitation  lor  the  fJec- 
hettes  Is  somewhat  larger  than  the  bullet  factor  of  I.S5.  It  Is  difficult  with 
presently  available  lethality  data  to  deduce  an  accurate  operational  lethality 
figure  for  the  flechette.  A  reasonable  estimate  is  a  ratio  of  1.05,  or  a  flechette 
operational  lethality  of  35  percent.  Hence  it  Is  concluded  for  purposes  of  cal¬ 
culation  in  the  other  sections  of  this  memorandum  that  all  the  conventional 
bullets  have  an  operational  lethality  of  70  percent,  and  the  individual  flechettes 
an  operational  lethality  of  35  percent.  For  special  use  In  an  extremely  desperate 
and  brief  combat  situation  it  may  be  desirable  to  use  corresponding  absolute - 
Incapacitation  figures  of  43  and  18  percent. 


HELMET  PENETRATION 

Helmet  penetration  tests  of  SALVO  I  ammunitions  have  also  been  reported.** 
The  results  are  summarized  In  Table  D6.  From  these  results  It  la  concluded 
that  the  helmet  protects  the  head  (effectively  18  percent  of  operationally  vulner¬ 
able  target  area”)  for  triplex,  duplex,  and  the  carbine  beyond  ranges  of  150, 
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500,  aiiu  350  yu,  i«ss>pectlvely  nccausc  af  its  eiise  o!  deflection  and  rnnsenuent 
failure  to  penetrate  at  high  obliquity  the  flechettes  are  somewhat  degraded  by 
helmets  at  all  ranges.  Roughly  some  two-thirds  of  the  flechettes  can  be  ex¬ 
pected  to  penetrate  at  100  yd,  reducing  lo  one-third  at  400  yd. 

Edgewood  Arsenal  personnel  have  reported  that  all  the  SALVO  1  test 
ammunitions  penetrate  the  standard  US  body  armor  beyond  the  maximum  ex¬ 
perimental  range  (350  yd).  Although  there  is  some  evidence  of  reduced  lethality 
for  rounds  that  have  penetrated  helmets,  this  lethality  loss  is  ignored.  Certainly 
no  gross  differences  exist  in  lethality  losses  by  the  test  ammunitions.  Further 
reduced  by  the  id  percent  effectively  vulnerable  area  such  differences  must 
indeed  be  negligible,  This  18  percent  figure  is  deduced  from  the  product  of 
two  reported  data:**  29  percent  of  wound.s  received  are  head  wxjunds,  62  per¬ 
cent  of  the  head  is  covered  by  the  US  helmet. 
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SUMMARY 

The  target  characteristics  that  critically  affect  the  aiming  error  are  size, 
range,  exposure  time,  vtsibtlity,  movement,  disclosing  activity,  and  confusing 
context.  To  determine  tlie  values  of  these  factors  in  a  model  target  system,  a 
questionnaire^interview  was  conducted  with  26  company-grade  officer  recipients 
of  the  Combat  Infantryman  Badge. 

On  the  basis  of  responses,  two  target  systems  were  developed,  one  forday 
ftring  and  on<*  for  night  firing.  These  simulated,  as  closely  as  feasible,  ele¬ 
ments  ol  both  offensive  and  defensive  combat  situations.  The  questionnaire 
revealed  that  under  conditions  of  good  visibility  96  percent  of  the  aimed  fire 
was  delivered  at  less  than  400  yd.  Under  bad  visibility  palmed  fire  was  in¬ 
cluded  in  this  range.  It  also  indicated  that  aimed  fire  accounts  for  about  one- 
thtrd  of  all  combat  rifle  fire. 

Battlefield  formations  of  enemy  assaulting  and  defending  forces  were  de¬ 
veloped  from  sketches  prepared  by  the  questionnaire  subjects.  The  centers 
of  the  formations  were  located,  and  the  depths  and  widths  calculated  from  data 
on  the  sketches.  Durations  of  target  exposure  and  directions  of  movement  were 
likewise  developed  from  questionnaire  responses  and  were  computed  separately 
for  all  targets  in  each  formation. 

Thirty-four  positions,  some  partly  concealed,  were  prepared  for  the  31 
stationary  Cocky  Ken  targets  and  3  moving  targets.  Seven  stationary  and  the 
three  moving  targets  were  common  to  both  day  and  night  systems  (t.e.,  22  tar¬ 
gets  in  each  system).  Twelve  programs  were  devised,  which  incorporated  ran¬ 
dom  order  of  appearance  for  the  target  groups  and  for  indtvidual  targets  withtn 
each  group.  The  programs  allowed  target  appearances  from  3  to  ZAVt  sec. 

There  were  no  simultaneous  exposures,  and  each  appearance  was  preceded  by 
an  intervai  ranging  from  6  to  13Vi  sec. 

All  events  in  these  programs— target  appearances,  simulated  artillery, 
disclosing  fire,  and  “wounding*  by  electric  shock— were  programed  through 
the  electronic  control  system  described  in  App  D. 


RATIONALE 

It  is  apparent  that  thete^t  depends  critically  on  the  model  of  target  system 
that  is  selected.  The  seven  primary  targe*  characteristics  that  critically  affect 
the  timing  errors  are  size,  range,  exposure  time,  visibility,  movement,  dis¬ 
closing  activity,  and  confusing  context. 

A  good  model  shotild  include  a  number  ol  targets  that  art  charmctcriaed 
by  spproprlate  distributions  in  each  of  these  seven  characteristics.  Whstever 
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uticiuepenaenciey  exist  among  these  characteristics  should  also  be  reproduced 
in  the  targets  oi  the  model. 

In  order  to  describe  the  anticipated  target  systems  in  terms  of  the  given 
characteristics  a  questionnaire-interview  was  used.  The  assumption  was  made 
that  the  anticipated  target  system  would  not  uiffcr  significantly  from  the  target 
systems  experienced  by  US  riflemen  in  Korea  and  W'WIl.  The  questiormaire- 
inter\'icw  was  an  effort  then  to  describe  the  targets  at  which  riflemen  had  actu¬ 
ally  aimed  and  fired. 

Twenty-six  officers  provided  by  The  Infantry  School  filled  out  the  ques¬ 
tionnaire  at  Fort  Benning,  Ga.,  on  5  April  1956.  Ail  these  officers  were  quali¬ 
fied  to  wear  the  Combat  Infantryman  Badge  and  had  served  in  combat  with  an 
Infantry  battalion  or  lower-echelon  rifle  unit  in  Europe  (5),  the  Pacific  (3), 
Itorea  (11),  Korea  and  Europe  (5),  and  Korea  and  the  Pacific  (2).  Their  com¬ 
bat  experience  ranged  from  3  to  32  monti-is  with  a  median  of  8  months  and  a 
mean  of  11  months.  Prior  to  these  interviews  a  preliminary  questioning  of 
several  dozen  experienced  officers  was  conducted  at  Fort  McNair  and  Fort 
Myer.  From  this  questioning  it  was  determined  that  best  results  could  be  ob¬ 
tained  f’X)m  intensive  interviews  with  a  small  number  of  carefully  selected 
subjects. 

The  questionnaire  was  designed  to  provide  the  frcquaucy  diatributions 
necessary  to  guide  the  establishment  of  a  target  complex  with  consideration 
of  the  following  factors  and  their  interrelations: 

(a)  Visibility  (good  or  bad) 

(b)  Enemy  attitude  (offense  or  defense) 

(c)  Mean  distance  of  formation  from  friendly  forces  (nearest  100  yd) 

(d)  Slde-to-side  intervals  between  positions  within  a  formation  (nearest 

yard) 

(e)  Front-to-rear  intervals  between  positions  within  a  formation  (near¬ 
est  yard) 

(f)  Number  of  targets  in  a  position 

(g)  Side -to -side  intervals  between  targets  in  a  position  (nearest  yard) 

(h)  Front-to-rear  intervals  between  targets  in  a  position  (nearest  yard) 

(i)  Exposure  out  of  cover  (none,  head  only,  head  and  shoulders,  full  budy. 
full  body  Imeeling,  or  full  body  upright) 

(j)  Movement  (still  or  running) 

(k)  Direction  of  movement  (eight  directions) 

(l)  Concealment  (none,  haif-hldden,  or  entirely  hidden) 

(m)  Firing  (not  firing  or  firing  hand  or  shoulder  weapon) 

(n)  IXiratlon  in  this  particular  attitude  (seconds) 

Many  of  these  factors  were  subdivided  to  account  for  the  effects  of  other 
factors  in  the  list.  For  example,  duration  was  handled  separately  for  offensive 
and  defensive  targets.  The  responses  were  reduced  to  yield  distributions  of 
each  of  Uie  seven  target  characteristics,  including  relations  among  dependent 
characteristics.  The  distrilxjtiona  were  then  used  to  define  the  characteristics 
of  an  integral  number  of  targets  for  the  experiment. 

Two  target  systems  were  required  for  the  experiment— one  for  day  firing 
and  one  for  night  firing.  Each  of  the  two  systems  was  to  represent  as  closely 
as  possible  the  more  common  combat  rifle  targets.  In  short  the  problem  was 
to  construct  target  systems  to  giv#  the  closest  approximation  to  those  found 
typically  in  combat  in  both  defensiva  and  offensive  situations. 
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QUESTIONNAIRE 

Following  Is  a  copy  of  the  questionnaire  The  percentages  given  Illustrate 
answers  for  which  there  was  maximum  agreement  among  the  respondent.).  The 
numbers  In  parentheses  are  approximate  ranges  indicating  accuracy  of  estimate 
(see  Part  I  of  the  questionnaire,  “Percentage  Estimates*).  The  sketches  of  the 
defensive  and  offensive  formations  are  actual  examples  received. 


AIMED  RIFLE  FIRE  QUESTIONNAIRE 
Part !— Percentage  Estlmrtes 


Make  the  be*t  estimate  you  can  of  the  percentages  requested  In  the  following 
questions.  Be  guided  by  your  knowledge  and  combat  experience,  but  eati.mate  for  the 
over-all  conditions  of  modern  warfare,  not  for  any  particular  type  of  terrain  or  situation. 

Do  not  record  your  name,  but  ^  put  in  the  upper  right  comer  of  thla  sheet  tbe 
number  of  months  of  combat  experience  you  have  with  rifle  units  of  battalion  aize 
or  smaller. 

For  each  percentage  thet  you  estimate,  put  beside  it  in  pArenthesea  the  lowest  and 
highest  percentage  that  would  be  just  as  acceptable  to  you.  This  gives  an  indication  of 
how  approximate  you  believe  your  actual  estimate  to  be.  For  example,  U  you  estimate 
20  percent,  write  20  (5-35)  or  20  (15—40).  Your  estimate  may  or  may  net  be  halfway 
between  the  ends  of  the  rsngc  in  the  parentheses.  The  parentheticsl  numbers  do  not 
have  to  add  up  to  100  percent  but  your  basic  eatimrtea  do. 

Questions  2-4  ali  refer  only  to  the  aimed  fire  mentioned  in  question  la.  This  in¬ 
cludes  not  only  fire  at  visible  targets  but  fire  aimed  at  a  particular  point  of  a  bidden 
area  becau^'e  it  is  thought  more  likely  to  conceal  an  enemy  than  other  nearby  points. 

Visibility  is  good  if  there  is  either  daylight  or  very  bright  flares.  Visibility  la 
bad  if  there  is  darkness,  moonlight,  or  dim  flares. 

i.  For  rifle  fire  in  combat,  what  percentage  of  all  ammunition  ia  expended  in 
each  of  tb?se  three  categories: 


Category 

Ammunition 
expended,  % 

a. 

Aimed  lire  at  visible  or  suspected  targets 

31  (15-40) 

b. 

Neutralizing  and  harassing  area  tire 

53  (40-60) 

c. 

Panic  fire 

16  (5-30) 

Total 

100 

2.  Substantially  all  combat  actions  involving  simsd  rifis  fire  at  visibis  or  sus¬ 
pected  targets  (Is  above)  are  fou^t  under  coadltions  of  good  or  bad  visibility  with  sasmy 
forces  on  the  offensive  or  defensive.  Estimate  the  perceatage  of  all  frisodiy  aimed 
combat  rifle  fire  (other  than  neutralizing,  harassing,  and  panic  fire)  in  each  of  the 
"  categories  be  low.  For  example,  if  100  mliitoa  rounds  of  rifle  smmuai.inn  represented 
total  ammunition  expenditure  in  alnmd  fire  for  a  war.  what  pereestage  is  expended  in 
each  oi  the  four  categories  below.  Total  of  the  four  perceniages  should  equ^  100  percent. 


Enemy  attitude 

a.  Ck>od  visibility,  % 

b.  Bad  visibility,  % 

(1)  Defensive 

22  (15-30) 

li  (5-26) 

(2)  Offensive 

45  (35-50) 

22  (10-36) 

Total 

87 

33 
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3.  Averaging  all  aituationa  when  the  enemy  la  on  the  defenaive  (your  anawera  to 
2(2)  above],  what  percentage  of  rifie  ammunition  (for  aimed  (ire  at  vlalhle  or  auapected 
targeta)  la  directed  at  targete  wkoae  diatance  from  friendly  troopa  la: 


Diatance,  yd  a.  Good  visibility,  %  b.  Bad  vlalblllty,  % 


(1) 

0-60 

12 

15-25) 

.15 

(10-70) 

(S) 

50-100 

17 

(10-35) 

24 

(10-55) 

(3) 

100-200 

35 

(10-50) 

29 

(20  -40) 

(4) 

200-300 

17 

(5-30) 

12 

(5-201 

(5) 

300-400 

12 

(3-20) 

0 

(0-10) 

(S) 

400-500 

6 

(0-15) 

0 

(0-5) 

(7) 

500+ 

1 

(0-5) 

0 

(0-1) 

ToUl 

100 

100 

4.  Averaging  all  aituationa  when  the  enemy  force  la  on  the  offensive  (your  anawere 
2(2)  above],  what  percentage  of  rifle  ammunition  (for  aimed  fire  at  visible  or  auapected 
targets)  la  directed  at  targeta  whose  distance  from  frie^y  troopa  la: 


Diatance,  yd 

a.  Good  viaihllity,  % 

b.  Bad  vfsihlllty,  % 

(1)  0-50 

8  (5-15) 

30  (15-40) 

(2)  50-100 

13  (5-25) 

25  (15-30) 

(3)  100-200 

37  (20-50) 

30  (20-50) 

(4)  200-300 

25  (20-30) 

10  (5-20) 

(5)  300-400 

13  (5-20) 

5  (0-10) 

(«)  400  -500 

6  (0-15) 

0  (0-5) 

(7)  500+ 

0  (0-5) 

0  (0-2) 

Total 

100 

100 

Part  U— Battlefield  Formations 

Draw  two  sketches,  one  on  each  of  the  two  graph  eheeta  attached.  One  will  be 
*EBemy  Defending”  and  the  other  "Enemy  Aaaaultiag.” 

Each  sketch  is  to  be  an  ahatrset  representation  of  10  enemy  infantry  troopa  (a 
"squad”)  engaged  la  a  (Ire  fight  with  friendly  forces  at  some  distance  between  lOO  and 
300  yd.  Each  picture  la  to  represent  a  typical  moment  in  a  typical  engagement  with 
average  terrain  aed  visibility.  Friendly  troops  are  In  the  direction  of  the  bottom  of 
the  sheet. 

The  small  squares  on  the  graph  aheeta  are  5  hy  5  yd.  The  10  enemy  troops  are  to 
bo  drawn  la  probable  locmlooe  with  the  symbols  shown  on  the  accompanying  key.  The 
dilfereat  aymbols  nn  thin  theeC  are  groniwd  Into  five  seta.  Do  one  set  at  a  tlnne  ta  order. 
(1)  First  loeats  the  10  men  by  drawing  the  symbol  for  how  oach  man  la  out  of  covar 
(merely  put  a  dot  If  no  part  of  him  la  out  nf  cover).  (2)  Beside  any  ntaa  wbo  la  runaiag 
(not  walking,  crawling,  or  still)  put  ea  arrow  ahowlag  hia  direction  of  movsHMot.  (3)  In- 
dlwate  how  much  oonoeelment  (If  any)  fa  In  front  of  each  man.  (4)  Put  an  F  beside  those 
llkel>  to  be  firing  their  sreapona  at  this  typical  moment.  (5)  Beside  each  man  put  the 
asmber  of  seconda  he  la  llkalv  to  remain  In  the  poeltiom  In  which  vou  have  drawn  him. 
For  aaamiple,  fnr  a  nmalag  man  this  would  be  tiu  number  nf  ae«.oode  he  will  run  before 
stopping  to  take  oovsr  nr  fire  hts  wsapon;  for  s  mas  whose  heed  la  ont  nf  enver.  It  would 
be  the  number  af  seoenda  that  he  espoees  )uet  this  muFh  of  himself.  Do  not  nmH  M)  of 
the  key  symbols  If  thay  are  appllwble. 
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In  drawing  these  two  pictures  consider  yourueif  to  be  an  enemy  commander  and 
place  your  10  men  as  you  think  tl'cy  would  probably  be  located.  Then  consider  yourself 
to  be  a  friendly  rtflemsn  looking  out  across  the  battlefield  and  modify  your  picture  If 
necessary  to  achieve  maximum  reallam  with  regard  to  concealment,  proportion  of  the 
10  enemy  troops  visible,  etc. 

Erase  and  redraw  each  picture  until  you  are  sstlsfled  that  It  la  your  best  estimate 
of  the  typical  situation  [Figs.  Cl  and  C2). 


front  tin* 

Friandly  troop* _ 

front  lino 

Fig.  Cl— Typicol  Grouping  of  Enemy  Defending 
in  Actual  Combat 
S'  by  5-yd  iquoro*. 
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Fig.  C2 — Typicol  Grouping  ef  Enemy  Aasoelting 
in  Actual  Cendbet 
5*  by  5>yd  •guoro* 
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CHABACTERDTIC8  OF  COMBAT  TARGETS 
FROM  QUESTIONNAIRE 

This  section  utilizes  the  data  Irom  the  questionnaire  to  provide  a  method 
for  establiahing  a  target  complex.  The  data  refer  only  to  aimed  rifle  fire  at 
visible  or  suspected  targets ,  which,  according  to  the  respondents,  accounts 
for  about  a  third  of  all  combat  rifle  fire. 

Except  for  Tables  Cl  and  C2,  which  are  based  on  Part  1  of  the  question¬ 
naire,  the  data  were  all  taken  from  the  sketches  and  reduced  in  the  following 
manner:  A  smooth  curve  was  hand  drawn  through  a  plot  of  the  raw  data.  This 
curve  was  then  normalized  by  multiplying  its  plotted  values  by  an  appropriate 
factor  so  that  the  sum  of  the  ordinates  would  1^  unity. 

The  curves  shown  in  Figs.  C7  to  C14  are  these  smoothed  and  normalized 
plots,  with  the  original  data  points  superimposed  after  having  been  multiplied 
by  the  same  factor  used  to  normalize  the  smoothed  curves. 

Location  of  Formations 

Table  Cl  shows  the  percentages  of  ammunition  expended  in  categories 
representing  combinations  of  visibility,  enemy  attitude,  and  distance.  The 
breakdown  of  the  first  100-yd  interval  was  obtained  on  tlie  questionnaire  be¬ 
cause  safety  factors  prevented  use  of  targets  closer  than  50  yd  in  the  SALVO  I 
experiment. 

The  percentages  shown  are  based  on  the  estimates  showing  greatest  agree¬ 
ment  on  the  questionnaire  after  multiplying  by  approprU^te  factors  to  correct 
for  rounding  errors  and  to  bring  the  sums  back  to  100  percent.  This  estimate 
is  somewhat  like  the  mode  in  that  it  was  agreed  to  by  more  respondents  than 
was  any  other  estimate;  l.e.,  it  fell  within  more  of  the  parentheUcal  ranges 
indicated  on  the  queetiomudres.  Each  percentage  shown  was  agreed  to  by  about 
three-quarters  of  the  respondents. 

Table  C2  contains  tte  same  information  as  Table  Cl,  rearranged  under 
major  categories  of  visibility  rather  than  enemy  attitude  for  later  use  to  form 
separate  target  complexes  for  good  and  bad  visibility.  It  is  assumed  that  the 
percentage  of  targets  taken  under  fire  is  proportional  to  the  amount  of  ammu¬ 
nition  expended  at  various  ranges.  The  data  for  each  visibility  condition  are 
brought  up  to  100  percent.  Note  that  the  range  interval  of  0-50  yd  is  omitted 
in  Table  C2  since  it  could  not  be  used  in  the  ejqperiment  for  safety  reasons. 
Table  C2  is  thus  computed  directly  from  the  d-ita  listed  in  Taole  Cl. 

Figures  C3  and  C4  present  graphically  the  information  in  Tables  Cl  and 
C2  except  that  the  percentages  for  enemy  defending  and  enemy  assaulting  are 
each  adjusted  to  total  100  percent. 

Ths  number  of  targets  in  each  visibility  complex  at  each  range  interval 
is  selected  to  be  proportional  to  the  percentages  in  Table  C2.  An  arbitrary 
total  of  22  targets  was  used  for  each  complex.  This  small  number  of  targets 
permitted  so  few  to  appear  for  any  range  category  of  Table  C2  that  each  cate¬ 
gory  comprised  a  single  formation.  For  a  large  number  of  targets  it  might  be 
desirable  to  have  several  fortnations  for  soma  catsgoriss,  but  present  data 
proTida  ao  guide  to  ths  appropriate  sixs  for  foi  matkms.  Ths  center  of  each 
formatkm  is  located  at  random  in  the  proper  range  intsrvai,  which  is  consid¬ 
ered  to  be  200  yd  wide. 
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A  previous  atudy**  eleo  ■upf>orta  tii«  cooclualon  that  by  far  the  greeter 
part  of  all  semiautomatic  rifle  fire  In  combat  occur*  In  firing  on  target*  at 
range*  of  300  yd  or  le**.  Of  600  men  queetloned  In  this  study  about  the  use 
ol  the  Ml  rifle  in  Korea,  85  percent  said  that  all  their  firing  wa*  done  at  tar> 
gets  within  a  300-yd  range  (^ytlme  offensive  fighting).  For  daytime  defensive 
fighting,  80  percent  of  the  men  eaid  that  rifle*  were  used  at  300  yd  or  lejs.*’ 

Table  Cl 


Ammunition  Expended  in  Aimed  Riple  Fire  at  Various  Ranges  in  Comsat 


DiCtABCS  ffOfl 

1  Kasmy  ^afaadian 

Eaaaix  aaaaaltian 

Gao4  viaikility 

M  vUibilUy  1 

_ 1 

1  G»<>4  vialkility 

Bad  viaibility 

Aamaaitioa  acpaa4a(f,  % 

0-50  3 

50-100  4 

lOO-JOO  8 

200-300  4 

300-400  2 

400-500  1 

SOOf  0 


4  3  7 
3  6  5 
3  17  7 
1  11  2 
0  6  1 
0  2  0 
0  0  0 


Tot.l 


22 


II 


45 


22 


Table  C2 


Targets  at  Various  Ranges  in  Combat 


Diataaca  Aaai 

friaadly  farcaa, 
yi 

Good  viaibility 

Eiad  viaibility 

Eaaiay 

dafeadiaff 

Eaaaiy 

aaooaltian 

Caaaiy 

dafaadiaji 

Eaamy 

aaaaaltiaH 

Tarn'ta.  A 

50-100 

7 

10 

13 

23 

100-200 

13 

28 

13 

32 

200-300 

7 

17 

S 

9 

300-400 

3 

10 

0 

5 

400-500 

2 

3 

0 

0 

SOIL. 

0 

0 

0 

0 

Total 

32 

6B 

31 

69 

Figure  C5  shows  (a)  the  data  for  daytime  offensive  and  defensive  rifle  employ¬ 
ment  taken  from  Fig.  1  of  0R0-T-18(FEC),**  and  (b)  the  total  fire  from  Table 
Cl. 

For  the  purposes  of  the  SALVO  I  experiment,  400  yd  is  used  as  the  range 
within  which  all  almed-rifls-fire  targsts  in  combat  ars  to  b*  found. 

From  the  Korean  data,**  it  was  found  that  03  percent  of  all  daytime  rlfls 
fire  In  combat  Is  directed  at  targsts  400  yd  or  less  from  the  firer.  It  must  be 
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Fig.  C3— Rifla  Amnunition  Exp«nd«<i  ot  Various  Rongas 
in  Good  Visibility  ir.  G>mbat 


Fig.  C4— Rifla  A.TinH>rMti(Mi  Expondad  at  Various  Rongas 
in  Eiod  Visibility  in  G>mbat 
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Fig.  C5— Ammunition  Expandad  (or  All  Ml  Rifla  Fira  ot  Voriows 
Rongas  (or  detb  Offonsivo  ond  Dofanaivo  Fira  in  Camhat 
O  ,  data  Aam  auatttonnairB  m*  Karaon  (Bf>artanca  «*  0^0-T*li(F€C)**, 
O,  data  tram  Tabla  Cl. 
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noted  hers,  however,  that  the  conclusions  shown  in  Fig.  C5  repr.sent  rifle 
fire  (aimed  and  unaimed)  under  conditions  of  good  vialblllty  only. 

The  responses  to  the  SALVO  I  questionnaires  indicated  that  96  percent 
of  aimed  lire  under  conditions  of  good  visibility  occurs  on  targets  400  yd  or 
less  from  ths  firer,  and  the  corresponding  figure  for  bad  visibility  is  100  per¬ 
cent.  Of  ^  aimed  fire,  97  percent  is  delivered  at  targets  at  ranges  of  400  yd 
or  less.  The  conclusions  regarding  the  range  distribution  of  targets  under 
aimed  rifle  fire  are  then  substantially  in  agreement. 

The  data  of  Table  Cl  were  combined  for  all  four  conditions.  The  resulting 
frequency  distribution  Is  shown  in  the  block  diagram  of  Fig.  C6a.  Av  the  sug¬ 
gestion  of  Dr.  J.  Bruner  of  ORO  the  curve  for  the  expression 

HR)  -  (Cl) 

was  adjusted  to  the  mean  range  R  of  170  yd  computed  from  Table  Cl.  This 
analytical  expression’*  for  the  frequency  distribution  of  range  R  had  been  found 
to  fit  data  on  ranges  of  fire  received  by  US  tanks  (with  a  different  mean  range 
of  course).  Figure  C6b  presents  the  cumulative  frequency  and  shows  the  phe¬ 
nomenal  agreement  of  the  data  of  Table  Cl  with  this  analytically  expressed 
distribution.  It  should  be  remarked  that  this  comparison  was  made  and  agree¬ 
ment  noted  only  many  months  after  the  data  of  Table  Cl  were  gathered. 

Location  of  Positions 

A  formation  contains  several  positions  (e.g.,  foxholes),  and  each  position 
may  contain  one  or  several  targets.  Positions  (containing  one  or  several  tar¬ 
gets)  are  located  with  respect  to  the  previously  found  center  of  each  formation. 
Tobies  C3  and  C4  show  the  distribution  of  positions  in  a  defense  formatiem,  and 
Figs.  C7  and  C8  are  plots  of  these  data.  The  intervals  are  taken  from  scale 
sketches  as  shown  In  Figs.  Cl  and  C2. 


Location  of  Targets 

Table  C5  is  used  to  provide  the  number  of  targets  to  fill  each  position. 

The  data  for  this  table  are  derived  from  the  sketches  on  the  questionnaire 
using  the  assumption  that  men  drawn  within  5  yd  of  each  other  were  by  defin¬ 
ition  In  the  same  position. 

For  enemy  defending, targets  arc  located  within  a  position  In  the  same  man¬ 
ner  as  positions  were  located  within  a  formation.  Tables  C6  and  C7  (illus¬ 
trated  by  Figs.  C9  and  CIO)  are  used  for  this  purpose. 

For  enemy  assaulting,  «ich  position  was  assumed  to  contain  only  one 
target.  Tables  C8  and  C9  (illustrated  by  Figs.  Cll  and  C12)  are  used  tc  locate 
these  targets. 


Direction  of  Movement  and  Duration  of  Target  Exposure 

Table  CIO  shows  ths  frequency  distribution  of  target  type.  Omitted  com¬ 
binations  of  symbols  represent  types  that  did  not  appear  at  all  In  the  sample, 
and  hence  are  asauined  to  occur  with  a  negligibly  small  frequency  for  purposes 
of  this  study 
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Table  C3 


Sjde-to  Side  F\)sition  Intervals  in  Combat  for 
Enemy  Defen dksc 


Llt^rvtl,  yd 

OccomMt*.  % 

laUnral,  jrd 

OccwraacM,  % 

0 

1.1 

17 

2.4 

1 

1.4 

IS 

2.1 

2 

2.0 

18 

1.8 

S 

2.7 

20 

1.5 

4 

S.S 

21 

IS 

5 

4.4 

22 

1.1 

6 

54 

21 

1.0 

7 

T.O 

24 

0.9 

1 

8.2 

28 

0.1 

9 

8.7 

26 

0.7 

iO 

1.8 

27 

0.6 

11 

8.4 

28 

0  5 

12 

7.0 

29 

0.4 

11 

S.I 

10 

0.8 

U 

4.1 

11 

0.2 

IS 

$.4 

22 

0.1 

16 

2.1 

IS 

0  1 

Table  C4 


Front-to-Rear  F\>sitk)n  Intervals  in  Combat 
FOR  Enemy  Defending 


hlarval,  yi 

Oc«w«eaa,  % 

Utarval,  yi 

Otctnraataa 

*90 

O.I 

-1 

8.6 

29 

0.1 

2 

1.4 

M 

0.1 

1 

1.0 

27 

0.1 

4 

6.5 

26 

O.I 

5 

4.6 

2S 

O.I 

6 

2.8 

24 

0.1 

7 

2.0 

21 

0.2 

1 

1.7 

22 

0.2 

9 

1.4 

21 

0.2 

10 

1. 1 

20 

0.2 

11 

0.9 

19 

0.5 

12 

0.7 

11 

0.1 

12 

0.6 

17 

0.1 

14 

0.5 

16 

0.4 

IS 

0.4 

IS 

0.4 

16 

0.4 

14 

0.1 

17 

0.1 

IS 

0.6 

18 

0.1 

12 

0.7 

19 

0.1 

11 

o.c 

10 

0.2 

10 

1.0 

21 

0.2 

9 

1.2 

22 

0.2 

1 

1.4 

28 

0.1 

7 

1.6 

14 

0  1 

6 

1.9 

18 

0.1 

5 

2.4 

M 

0.1 

4 

S.S 

« 

0.1 

1 

1.2 

18 

0.1 

2 

1.0 

19 

O.I 

*1 

8.5 

-m 

0  1 

0 

1.6 
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Fig.  C7— Sid»-to-Std«  Position  *nlsrvals  in  Combat  far  Entrmy  Dofonding 
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Poiif)v«  tntaryoU  mciMl*  rttt  (rom  trion^ly  tore*! 
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Tablf  C5 


Niv»3E!i  or  Targets  within  a  Position 

IN  COVBAT  FOR  FNEMY  nEFtNOINC 


Twteu 
in  poaition 

Occurreacea,  % 

1 

83.: 

2 

ii.e 

3 

3.7 

4 

0.5 

S 

0.5 

Taple  C6 


SiDE-To-SiDF  Target  Intervals  within  a  Position 
IN  Combat  for  Enemy  Defending 


Inttrval.  vd 

OccHirancca,  \ 

0 

14 

1 

33 

27 

3 

18 

4 

8 

Table  C7 

FR0NT-T04iEAR  TARGET  INTERVALS  WITHIN  A  POSITION 

IN  CiJviBAT  TOR  Enemy  Defending 

Intarval,  vd 

Orcarraacaa,  % 

0 

47 

1 

25 

2 

15 

3 

8 

4 

4 

S 

1 
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Fig.  C11 — Torgat  Intarvoli  in  Combat  (or  Fnomy  Asioulling 


T - 1 - 1 - 1 - - - 1 - r 


INTCOVAL.  TO 
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Tahi.f.  CR 


S!Dt:-UK>IIIK  lAHCKT  [NTtRVALS  l\  Q.'MHAT 
FOR  Knfmy  \ssaultjnc 
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Tablf. 


KRosT-ToJtFAR  Target  Intervals  in  Combat 
FOR  Rnemy  Assaulting 


bt«rv«l.  r4 

OrcM«acM.  % 

lM«rv«l.  r4 
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0  1 
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TAI5i.»  CIO 

l-RKOl'J-NCV  OF  FaRCFT  TYPF.S  IN  CflMBAT 
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The  directions  of  movement  of  running  targets  are  given  Iri  Table  Cll. 

The  iength  of  time  a  target  Is  visible  Is  ij4ven  in  Tables  C12  and  C13  and  plotted 
In  Figs.  C13  and  C14. 

These  characteristics  are  assigned  to  specific  targets  In  the  target  sys¬ 
tems  on  an  equai-prohability  haQi?  The  time  durations  are  computed  separ¬ 
ately  for  all  the  targets  in  each  formation. 


COMPOSITION  or  TWO  TARGET  SYSTEMS 
SIMULATING  COMBAT  CONDITIONS 

The  results  of  applying  the  methods  described  in  the  preceding  section 
are  summarized  here.  Table  C14  shows  the  number  of  targets  in  each  range 
category  as  based  on  the  percentages  In  Table  C2.  in  three  Instances  where  a 
single  target  would  have  represented  a  formation  it  was  combined  arbitrarily  with 
another  formation  so  that  every  formation  would  have  from  two  to  seven  targets. 

Table  Cl 5  gives  the  location  of  the  center  of  each  formation,  and  Fig.  Cl 5 
Is  a  scale  plot  of  this  information.  The  centers  for  the  good-visibility  complex 
were  selected  first.  Those  for  the  bad -visibility  complex  were  placed  In  the 
same  locations  for  the  convenience  of  using  many  of  the  same  targets  for  both 
complexes.  The  one  exception  to  using  the  same  locations  was  in  the  ciose-in 
zone  of  50-100  yd  where  the  firct  formation  to  be  chosen  (formation  C)  for  the 
bad-vlsiblilty  complex  was  selected  at  random  from  tl;e  two  already  selected 
for  the  good-visibility  complex,  and  the  other  (formation  A)  was  picked  at  a 
new  location. 

TatAe  C16  shows  the  kind  and  number  of  targets  selected  as  based  on  the 
percentages  of  Table  CIO.  Targets  completely  concealed  and  not  firing  were 
omitted  since  they  would  be  unknown  to  the  firing  troops.  Running  targets  were 
limited  by  availability  of  equipment  to  three,  and  these  were  chosen  only  from 
among  those  moving  in  directions  other  than  directly  forward  oc  rearward.  It 
was  supposed  that  a  target  moving  In  either  of  these  t\'o  directions  for  a  short 
time  would  not  show  the  firing  troops  more  than  a  slight  difference  In  appear¬ 
ance  from  a  target  that  remained  stationary.  The  tliree  moving  targets  do  not 
fire  as  they  run,  the  movement  itself  being  sufficient  to  attract  attention  They 
are  located  (as  are  seven  other  targets)  in  the  same  position  for  both  the  good- 
vibibility  and  the  bad -visibility  complexes. 

Table  C17  shows  target  durations  selected  from  Tables  Ci2  and  C13. 
Increments  of  1%  sec  were  used  to  accommodate  the  programmer. 

The  time  intervals  between  (or  preceding)  targets  are  listed  in  Table  C18. 
Only  one  target  was  permitted  to  be  up  at  any  given  time,  thus  assuring  that 
each  target  would  not  compete  for  receiving  fire.  Intervals  of  6  to  IsVa  sec 
between  targets  were  used.  The  lower  limit  of  6  sec  was  made  this  large  to 
reduce  carryover  effects  between  targets  appearing  in  sequence.  The  upper 
limit  of  l.^Vi  '^ec  reasonably  sets  a  range  of  Intervals  such  that,  when  22  of 
Lhem  were  drawn  at  random,  the  total  time  of  these  intervals  plus  the  target 
duration  times  would  fit  the  maximum  time  capacity  of  the  programmer. 

Table  C 19  Is  a  summary  of  ail  the  information  concerning  the  target  sys¬ 
tem  compiled  up  to  tills  point.  The  tabulation  includes  completely  concealed 
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219 

102 

V 

4 

267 

ol 

c 

300-400 

3 

336 

n» 

H 

llad-\  iaibility  Tarert  System 

SO-’OO 

3 

H6 

77 

C 

5 

63 

103 

A 

100-200 

3 

127 

146 

n 

7 

162 

55 

V 

200-300 

1 

3 

219 

102 

h 

•Ranee  interval  ia  200  vd  wide 
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Tab’.e  C16 


Tahcets  Selected  to  Simulate  Combat  CtoNomoNS,  by  Size 


L^emv  defon<liag 

- 1 

Enemy  aoaanlting 

Targeta 

Occarrencee,  % 

No 

aaed 

T'rpo 

oeed* 

Occarreacea,  \ 

No. 

need 

Type 

aaed* 

• 

44.3 

0 

• 

12.8 

0 

• 

Subtotal 

0 

25.7 

6 

4 

F  &. 

6.8 

2 

1 

F  2 

9 

22.0 

3 

S. 

F  • 

0 

F  1 

10.1 

2 

F  9 

A 

3.2 

0 

S. 
f  1 

13.8 

2 

9 

FA 

4.0 

0 

15.6 

3 

4 

F  i 

0.8 

0 

40.9 

7 

t  H 
t 

J  R 

Total 

55.7 

7 

87.2 

15 

J  R 

f 

t 

X 

F  J 

F  1 

*S««  fooUote  •,  Table  ClO. 
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Table  C17 


Taucet  Durations  tor  Simulating  Combat  Conditions. 
BY  Visibility  and  Rnemy  Attitude 


GchmI  vilibility 

Rad 

Fnemv  deCendifiK 
(7  Urseu). 

>ec 

Rnemy  nnannltinn 
(7  tnrKetn), 

nec 

Enemy  defending 
(7  infuetn). 

■ec 

Enemy  snnnaltiafi 
(IS  UrK<tn), 

■ec 

aS 

3 

4S 

3 

IH 

3 

4^ 

3 

4S 

3 

9 

3 

9 

9 

4H 

9 

IS 

AS 

IS 

6 

19'4 

6 

I9S 

6 

19S 

7S 

9 

7H 

7*4 

9 

lOH 

lOS 

IS 

17 

IS 

18 

21 

21 

2S‘4 

28S 

SIS 

3AS 

Tout 

Jfi _ 

_ m. 

.  81 

_ li2iL 

231  2S3*4 


62 


ORO-T-271 


(ONFtNNTIAl 


CONFIDENTIAL 


Table  C18 


hTE3VALS  PRECEDING  TARGET  \PPEARANCES 

E-OR  Simulating  Combat  Conditions 


Good  viaibilily 

Rad  viaibilily 

Poaitioa  and 
target  no.* 

Intarval, 

•ec 

Poailion  and 
taf^el  no.* 

EaUrvul, 

sec 

R7 

9 

42 

9 

US 

7S 

44 

7H 

O 

lOS 

43 

6 

CIO 

9 

46 

10'4 

DH 

6 

k  1 

A  « 

7S 

ni.1 

12 

C8 

0 

015 

9 

CM 

12 

E'.ia 

13‘y 

C12 

lOS 

E20 

7S 

nu 

7S 

F.21 

13S 

D13 

6 

F.22 

lOS 

015 

9 

F16 

9 

FIP 

lOH 

F19 

12 

F,20 

7X 

F24 

7S 

K2l 

9 

F2S 

lOS 

E:22 

13H 

G30 

9 

F16 

G28 

13S 

F19 

lOS 

G31 

lOS 

F17 

9 

G29 

12 

F25 

12 

M33 

7S 

F23 

6 

M34 

9 

F27 

9 

H32 

lOS 

FM 

7H 

Total 

219 

196S 

*Lett*r«  ia4icata  tarRct  fonaatloa;  aaaibara  iAaatifr 
iadividaa]  laf^la 


QJfcQ-T-JTJ 


A* 

V« 


I 

I 
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targets,  but  the  experimental  system  omits  them,  as  Indicated  by  the  identifi¬ 
cation  numbers  in  Table  C19. 

Ttbie  C20  gives  random  sequences  of  target  appearances  for  each  com¬ 
plex  su^h  that  ail  targets  in  a  given  formation  will  be  used  before  any  targets 
in  another  formation  appear.  The  times  are  in  i\4-sec  rather  than  1-sec  units 
for  the  programmer,  which  operated  in  iVa-sec  steps. 

Table  C20 

Target  Appearance  Peocravs  for  Si«it,atinc  Coubat  Conditions 


Procram  (or  ^ood-via  ihility  seqatacea  (day) 

Proittama  (or  had-viaibilily 
aaqoaacea  (ai^kt) 

1 

2 

3 

B 

Di 

6 

Di 

8 

10 

11 

12 

StartiuR  |»«ia(*  lormatioa. 

and  (arKCt 

4-r,30 

A-F24 

A-E22 

A-D14 

A-C9 

4-H5 

A4134 

A-r24 

A-DU 

A-DIS 

A-Al 

A-A2 

C2fl 

F25 

E19 

ni3 

CIO 

87 

H33 

F25 

013 

D13 

A4 

At 

C31 

C28 

F.16 

nis 

H32 

030 

1132 

030 

015 

014 

A6 

A3 

C29 

C31 

E20 

E18 

H33 

G28 

F25 

C28 

C8 

E22 

A2 

A1 

ni4 

C29 

F.21 

E22 

1134 

031 

F24 

029 

Cll 

F.19 

A3 

A6 

D13 

C30 

E18 

E20 

F,16 

029 

BS 

G31 

C12 

E20 

Dl3 

nis 

nis 

DIS 

CIO 

F:I6 

Ely 

F24 

H7 

OS 

F.16 

E18 

D15 

013 

F24 

1)13 

C9 

E19 

E22 

F25 

CIO 

B7 

E20 

E21 

DU 

DU 

F25 

D14 

B-F24 

E21 

E21 

B.E19 

C9 

CIO 

E21 

E16 

B-E16 

El  8 

B-C9 

B-F.16 

F25 

B-C30 

E20 

E20 

DU 

C9 

E22 

F.17 

f:2 

E22 

CIO 

F.19 

B7 

r.29 

EIS 

El6 

D13 

B-D13 

06 

B-A3 

E20 

E16 

E18 

E21 

B5 

r.3i 

B-r,29 

E21 

DIS 

DIS 

E19 

A6 

K19 

E2I 

E20 

E20 

D13 

C28 

C31 

E22 

R-E19 

DU 

E17 

A4 

E18 

E17 

E2I 

E22 

DIS 

B7 

C90 

E18 

E16 

E16 

BA2 

A2 

E21 

E19 

E22 

E18 

DU 

RS 

G28 

1134 

E22 

E21 

A4 

A1 

E17 

E20 

E16 

BS 

(,2H 

F25 

DIS 

1133 

E18 

E19 

A3 

C12 

F27 

B-Cll 

E19 

B7 

r,3i 

F24 

D13 

1132 

F21 

E22 

A6 

08 

F26 

C12 

B7 

H34 

&29 

B32 

D14 

CIO 

E20 

E20 

A1 

Cll 

F2S 

C8 

85 

H33 

G30 

1133 

F25 

C9 

029 

F.18 

F25 

F2S 

F23 

F23 

H33 

H32 

1134 

1134 

F24 

D14 

C30 

1134 

F23 

F27 

Cll 

F27 

H34 

CIO 

1133 

CIO 

R5 

D13 

028 

1132 

F27 

F26 

C12 

F26 

H32 

C9 

H32 

C9 

B7 

nis 

G31 

1133 

F26 

F23 

C8 

F2S 

*Tk«  letter  A  or  R  to  lk«  left  of  tka  hyplien  ia  the  alartiax  poial.  F.ach  aaqaeaee  waa 
aiarted  at  eitkar  A  or  R,  a.q.,  proiiran  2A  atarted  wiib  laiRet  F24  aad  ended  <*ilk  r.9,  ahera- 
aa  iwottt**  2B  atarted  witk  liariiet  E16  aad  eaded  with  tarael  014.  The  letter  A  tr.  f.  to  the 
riqlit  o(  the  kyphaa  or  cloaod  ap  with  tka  tarcat  aamkar  ia  the  (orsatioa. 


DETAILS  OF  TARGET  SYSTEMS  SIMULATING 
COMBAT  CONDITIONS 

Each  target  system  was  composed  of  22  Cocky  Ken  targets,  3  of  which  were 
capable  of  lateral  movement.  The  daytime  and  nighttime  range  distributions 
were  significantly  different,  requiring  the  preparatimi  of  additional  target  posi¬ 
tions.  As  10  of  the  positions  were  common  to  day  and  night  target  systems,  It 
was  necessary  to  prepare  a  total  of  only  34  positions  to  complete  two  systems 
of  22  targets  each.  These  positions  are  indicated  schematically  In  Fig.  Cl 6. 
Table  C21  describes  several  characteristics  of  the  targets. 
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Table  C21 

Layout  or  Target  Systems  S*mulati,'«:  Combat  CoNomoNs 

Target 

no. 

Raage. 

yd 

Target 

eite* 

Coaccalmeatl* 

Movemcat*^ 

Blaak 

firiag^ 

lllamiaatioa* 

1 

52 

F 

C 

y 

N 

2 

63 

E 

N 

3 

6S 

E 

N 

4 

67 

F 

C 

F 

N 

5 

74 

F 

F 

D 

6 

76 

E 

F 

N 

7 

77 

F 

C 

F 

D 

S 

78 

F 

C 

F 

N 

9 

86 

E 

D 

10 

R9 

F 

C 

F 

D 

11 

90 

F 

C 

F 

N 

12 

91 

F 

N 

13 

111 

F 

C 

F 

l>-N 

14 

127 

F 

C 

F 

rws 

IS 

139 

F 

l)-N 

16 

152 

E 

M 

D-N 

17 

161 

E 

F 

N 

IS 

162 

E 

M 

n-N 

19 

164 

E 

M 

D-N 

20 

165 

E 

C 

D-N 

21 

169 

E 

D-N 

22 

176 

E 

C 

F 

D-N 

23 

209 

F 

N 

24 

216 

F 

C 

D 

25 

216 

F 

r 

D-N 

26 

221 

F 

F 

N 

27 

223 

F 

C 

F 

N 

26 

245 

E 

F 

D 

29 

259 

E 

F 

D 

30 

267 

E 

D 

31 

269 

F 

C 

F 

D 

32 

334 

F 

F 

D 

33 

336 

F 

D 

34 

339 

F 

C 

F 

D 

Total 

14R. 

15C 

3M 

19F 

10  D-N.  12D. 

20F 

liN 

■R.  knceliaK  (lafKe)  laritel;  F,  praaa  (smII)  target. 

camoaflage;  bUak,  ao  coacealiaaat. 
c'T\raa  Urgata  mavui  latarallv. 

M",  blaak  cartridget  fireJ  aa  target  appeared 

'0,  dartima  target;  N,  alfdtt(>a«  target;  aad  D-N.  cenaaoa  ta  botk  avataaea. 
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The  actual  programs  allowed  target  apfKiarance  from  3  to  34Va  sec.  There 
were  no  simultaneous  target  appearances,  and  each  target  appearance  was  pre¬ 
ceded  by  an  interval  of  from  6  lo  13 V»  «ec  (Table  C22).  The  order  in  which  the 
targets  appeared  was  also  varied  to  prevent  learning  bias.  The  targets  were 
grouped  in  eight  natural  operational  groupings  designated  A  to  H.  The  several 
targets  comprising  any  group  always  appeared  successively  in  random  order. 

Table  C22 

Time  I.ntebvals  precedlsc  and  dukiNC  \ppearances  or 
Tabcf.ts  Simulating  Combat  Conditions 


Good  vinibilitr 

Red  vieibilitv 

Interval 

precediiiK, 

eec 

Dufttion, 

•ec 

Terget 

Intervei 

precediig. 

eec 

DumtiDn, 

•rc 

S 

7.5 

4.5 

1 

7.5 

28.5 

7 

9.0 

1.5.0 

2 

9.0 

3.0 

9 

10.5 

4.5 

3 

6.0 

7.5 

10 

9.0 

15.0 

4 

7.5 

12.0 

13 

12.0 

19.5 

6 

10.5 

4.5 

U 

6.0 

9.0 

8 

9.0 

19.: 

15 

9.0 

4..5 

11 

12.0 

4.5 

lA 

9.0 

9.0 

12 

10.5 

9.0 

18 

13.5 

6.0 

13 

6.0 

19.5 

19 

12.0 

15.0 

14 

7.5 

9  0 

20 

7.5 

31.5 

15 

9.0 

4.5 

21 

13.5 

3.0 

16 

7.5 

10.5 

22 

10.5 

4.5 

17 

9.0 

3.0 

24 

7.5 

4.5 

18 

10.5 

6.0 

25 

10.5 

9.0 

19 

10.5 

18.0 

28 

13.5 

6.0 

20 

7.5 

34.5 

29 

12.0 

10.5 

21 

9.0 

4.5 

30 

9.0 

3.0 

22 

I3.S 

9.0 

31 

10.5 

25.5 

23 

6.0 

3.0 

32 

10.5 

7.5 

25 

12.0 

15.0 

33 

7.5 

3.0 

26 

7.5 

7.5 

34 

9.0 

21.0 

27 

9.0 

21.0 

Twelve  programs  were  devised  that  Incorporated  both  random  order  of  the  groups 
and  random  order  of  Individual  targets  within  each  group.  Table  C20  Us*"  ♦♦••se 
12  programs  of  target  appearances.  The  20  demolitions  were  likewise  independ¬ 
ently  randomly  program^as  shown  in  Table  C23.  Theflgures  Indicalethe  dem¬ 
olition  time  in  iVa^sec  time  Increments  from  the  slartof  the  program.  Care  was 
taken  to  avoid  any  transient  obscuration  ot  targets  by  demollllons  by  careful  co¬ 
ordination  of  lime  and  position  of  demolitions  relative  lo  target  appearances. 

The  schedule  for  the  stressing  shocks  Is  given  In  Table  C24.  In  this  case 
16  schedules  were  used.  During  each  rxm,  S  of  the  10  men  on  the  line  received 
one  shock.  In  each  case  the  entire  schedule  selected  from  Tables  C23  and  C24 
was  Incorporaied  Inio  a  master  program.  Finally  a  last  variallon  was  intro¬ 
duced  in  thai  each  of  the  12  programs  could  be  started  ai  either  of  iwo  points 
as  shown  In  Table  C20. 

Programs  1  to  12  arc  presented  in  Table  C2S.  This  master  schedule  is 
presented  in  geometric  form  identical  with  the  programmer  patchboard 

OPO-T-37S  t9 


CONFIDENTIAL 


CONFIDENTIAL 


Table  C23 

PEMOLinON  PBOCRAMS  FOR  TaRCET  SYSTEMS  SIMULATING  CoMBAT  CONDITIONS 


Program 

Demolition 

n 

2 

3 

D 

5 

D 

D 

8 

9 

1 

11 

12 

Time  iocremeata,  lS-aec  noita 

1" 

148 

36 

13 

251 

147 

227 

30 

264 

2 

236 

26 

141 

2* 

75 

275 

289 

192 

14 

255 

102 

32 

226 

159 

237 

104 

3 

23 

4 

291 

259 

176 

226 

29 

199 

292 

9 

US 

253 

4* 

92 

221 

3 

193 

278 

254 

104 

45 

135 

74 

181 

255 

5 

2>5 

240 

155 

250 

229 

162 

89 

84 

218 

285 

199 

150 

6 

198 

3 

B3 

103 

80 

40 

204 

13 

61 

111 

177 

120 

7 

290 

158 

185 

55 

12 

108 

172 

213 

161 

175 

40 

59 

8 

112 

10 

140 

256 

5C 

4 

103 

173 

133 

73 

65 

178 

9 

lu2 

134 

41 

183 

162 

111 

45 

108 

130 

250 

131 

55 

10 

134 

63 

71 

90 

161 

29 

69 

223 

193 

S3 

188 

157 

11 

262 

112 

32 

133 

195 

199 

32 

256 

216 

■m 

264 

276 

12* 

103 

201 

70 

249 

3 

236 

192 

48 

60 

40 

179 

219 

13 

272 

126 

202 

238 

120 

46 

155 

61 

224 

242 

198 

177 

14 

125 

239 

264 

42 

113 

163 

245 

123 

225 

149 

204 

204 

15 

4 

97 

266 

131 

2 

2 

216 

283 

122 

207 

2 

256 

16* 

113 

202 

125 

181 

6 

169 

62 

153 

183 

121 

105 

106 

17 

51 

62 

86 

67 

67 

» 

101 

214 

234 

75 

104 

117 

18 

24 

152 

166 

139 

199 

87 

112 

186 

92 

55 

82 

32 

19 

151 

192 

243 

34 

288 

47 

218 

215 

217 

39 

187 

74 

20 

269 

74 

257 

145 

70 

25 

280 

86 

134 

11 

42 

176 

cap*  a*ed,  aul  aitroMarcIi, 
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Table  C24 

Shock  Phocrams  eor  Target  Systems  Simijlatinc  Combat  Conditions 


Posit  iofl 

Pro*rsm 

□ 

□ 

□ 

□ 

0 

6 

7 

8 

9 

10 

11 

12 

13 

a 

E 

16 

Tim«  increswnts,  1*4 

-sec  units 

1 

148 

196 

69 

102 

29S 

123 

96 

295 

224 

2 

73 

70 

243 

ire 

SS 

223 

102 

52 

184 

44 

3 

178 

99 

2^> 

107 

103 

2S1 

105 

124 

291 

4 

PR 

47 

284 

260 

24 

13 

6 

200 

9 

S 

176 

298 

13 

93 

292 

22 

168 

272 

6 

228 

46 

61 

120 

62 

175 

219 

187 

V, 

130 

247 

247 

96 

208 

291 

121 

8 

229 

221 

40 

200 

186 

90 

17S 

60 

9 

218 

117 

74 

3! 

74 

140 

219 

177 

10 

106 

142 

23 
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o 

8 


e 


Profnn  2 


s  1 

1 

a 

B 

■ 

T24 

■ 

D8 

1 

■ 

1 

T2S 

T25 

1 

a 

I 

1 

■ 

♦ 

T38 

b 

1 

1 

T28 

1 

■ 

■ 

1 

1 

♦ 

T31 

b 

1 

1 

1 

1 

T31 

1 

1 

D17 

DIO 

T29 

b 

T29 

D20 

) 

1  • 

■ 

1 

i 

1 

1 

1 

1 

ns 

TIS 

1)1  S 

♦ 

T13 

b 

h 

5 

■ 

1 

■ 

1 

1 

1 

1 

Dll 

f 

T14 

b 

TU 

i 

« 

1 

1 

1 

D9 

1 

1 

T19 

f 

Til* 

* 

7 

1 

■ 

1 

D7 

■ 

B 

T21 

i 

T20 

t 

• 

■ 

1 

1 

■ 

1 

! 

1 

1 

1 

T20 

D19 

f 

T22 

b 

T22 

• 

1 _ 

1 

■ 

a 

I 

T^B 

1 

1 

TS 

T5 

* 

d4 

T76 

♦ 

1 

M 

■ 

1 

I 

■ 

■ 

1 

■ 

T7 

* 

1 

DU 

D5 

T34 

b 

^  H 

■ 

■ 

1 

lllllli 

T34 

■ 

1 

■ 

T33 

' 

f 

T32 

b 

T32 

1 

d2 

13 

_ 

1 

■1 

1 

■ 

♦ 

TIO 

b 

1 

1 

■ 

1 

■ 

_ 

no 

1 

T9 

* 

*D.  V*-1A  »iM— Ufcli  A«aaliliM:  T  t.  artcteA;  T  Urgat  blaatiag  rap;  b,  blaak-firlag  fifle  with  tbe  iadicaled  target;  aad 
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SUMMARY 

The  Instrumentation  employed  to  obtain  the  realism,  control,  reproduci¬ 
bility,  and  accurate  recording  of  data  required  for  the  SALVO  I  experiment  Is 
described  in  this  appendix.  The  design  is  based  on  general  considerations  of 
hit  recording  discuBsed  elsewhere.** 

A  sequentially  programed  7Va-min  firing  experiment  utilized  IS  stationary 
E  (kneeling)  and  F  (prone)  silhouette  targets,  and  3  moving  E  silhouettes,  which 
were  exposed  at  preselected  times  for  periods  ranging  from  3  to  34Vi  sec.  Ad> 
ditional  realism  was  achieved  by  Including  in  the  electronically  sequenced  pro¬ 
gram  disclosing  fire  from  emplaced  blank-loaded  rifles,  simulated  artillery 
bursts,  simulated  wounding  of  test  troops  by  electric  shock  delivered  to  the 
lower  leg,  and  recorded  battle  noise  played  through  a  public  address  system. 

Switches  attached  to  the  trigger  mechanisms  indicated  the  time  of  firing, 
and  hits  on  targets  were  recorded  electrically  when  projectiles  perforated  the 
two  conducting  surfaces  of  specially  constructed  targets. 

The  synchronized  hit-recording  and  trigger-switch  instrumentation  was 
sufficiently  sensitive  to  Identify  hits  with  the  weapon  from  which  they  were 
fired,  and  to  determine  the  instances  In  which  multiple  hits  resulted  from  a 
single  round  for  the  salvo  ammunitions.  Electrical  recording  was  comple¬ 
mented  by  manual  counts  of  hits  on  the  removable  paper  target  faces. 

Night  firing  utilized  the  same  instrumentation  but  necessitated  the  instal¬ 
lation  of  tower- mounted  floodlights  to  provide  a  constant  level  of  illumination 
that  approximated  bright  moonlight. 


INTRODUCTION 

Instrumentation  for  the  SALVO  I  experiment  was  designed  to  provide 
(a)  realism,  (b)  control,  (c)  capability  lor  recording,  and  (d)  reproducibility. 

The  realism  of  the  experiment  Is  reflected  in  the  instrumentation  by 
(a)  the  activation  oi  the  target  system,  (b)  the  simulated  artillery  bursts  and 
simulated  disclosing  fire,  and  (c)  the  simulated  hits  on  the  firing  personnel. 

The  control  function  refers  to  the  sequential  appearance  axxi  disappear¬ 
ance  of  the  targets,  firing  of  the  simulated  artillery,  and  delivery  of  the  sim¬ 
ulated  wounds  on  the  firing  personnel. 

The  data  to  be  recorded  are  the  times  of  the  hits  on  targets,  the  times  of 
target  appearances  and  durations  of  exposure,  and  the  times  of  rifle  trigger 
pulls.  A  common  time  base  was  used  for  all  recorded  data. 

Reproducible  action  of  ail  these  events  was  controlled  by  circuitry  behind 
the  firing  line  that  permitted  changing  tne  sequence  of  events  to  minimlre  the 
effects  of  possible  learning  by  the  test  troops. 
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The  futicUonal  diagram  presented  in  Fig.  D1  indicates  the  importance  of 
two  essential  components  of  the  control  system ^the  tinier,  which  provides  a 
time  base  for  ail  events,  and  tlie  programmer,  which  determines  the  sequence 
of  those  events. 

The  target  mechanism,  known  as  the  Cocky  Ken  (pop*up  target)  or  ORO- 
JHU  Target  Device  Type  2,  was  developed  for  the  SALVO  1  experiment  by  the 
ORO  Electronics  Laboratory.  An  electrical  signal  activates  the  mechanism 
that  elevates  the  target  by  rotating  it  from  a  prone  position  to  a  vertical  posi¬ 
tion  in  less  than  Vi  A  second  electrical  signal  initiates  the  action  that 
further  rotates  the  target  to  a  supine  position.  The  mechanism  is  mounted  on 
a  2-  by  4 -in.  wooden  stake,  and  positioned  in  a  shallow  depression  that  conceals 
the  unerected  target  and  mechanism  from  the  firing  line. 

Electrically  detonated  Vi^lb  blocks  of  nltrostarch  simulated  artillery  bursts. 
Disclosing  fire  was  simulated  by  electrically  fired  blank-loaded  rifles  emplaced 
near  10  of  the  stationary  target  positions.  Electric -shock  devices,  used  to  sim¬ 
ulate  hits  on  test  personnel,  applied  a  safe  level  of  voltage  to  the  firer’s  teg  by 
means  of  suitable  electrodes. 

Figure  D2  is  a  functional  diagram  of  the  recording  system.  Two  recorders 
were  used— an  electric -spark  4 -pen  Brush  unit  and  a  20-pen  Esterline -Angus 
recorder.  The  standard  timing -pulse  and  the  target-appearance  times  were 
recorded  on  both  instruments  simultaneously,  thereby  permitting  correlation 
between  the  two  records. 

The  very  small  separation  in  time  between  hits  with  salvo  ammunition  re¬ 
quired  instrumentation  capable  of  resolving  hits  separated  in  time  by  as  little 
as  0.5  msec.  Hit  recording  was  accomplished  by  electrically  sensing  the  pas¬ 
sage  of  the  bullet  through  a  special  target  sandwich  consisting  of  two  sheets  of 
conductive  rubber  separated  by  a  sheet  of  nonconductive  rubber.  An  outer  layer 
of  heavy  cardboard  was  added  to  minimize  penetration  by  ricochet  fragments. 
This  target  was  based  on  a  design  developed  by  the  Army  Participation  Group 
of  the  Navy  Special  Devices  Center  at  Port  Washington,  N.  Y. 

The  connections  between  the  target  sandwich  and  the  recording  circuitry 
utilized  small -diameter  coaxial  leads.  These  were  laid  in  a  trench  1  ft  deep 
and  covered  with  soli,  to  protect  them  from  damage  during  firing. 

The  individual  target-hit  sensing  circuit  was  not  energized  until  the  target’s 
appearance  had  been  called  for.  This  technique  eliminated  the  possibility  of  in- 
terierence  by  other  targets  and  their  lines. 

Trigger  pulls  of  the  test  weapons,  except  for  the  flechette  units,  were  re¬ 
corded  cm  separate  channels  of  a  20-pen  Esterline -Angus  recorder.  Switches 
were  designed  by  ORO’s  electronics  group  and  Installed  in  the  Ml  rifles,  M2 
carbines,  and  T48  rifles.  Switch  action  resulted  from  the  hammer  movement 
in  these  weapons.  A  15-ft  light  flexible  cable  carried  the  signal  lu  an  inter¬ 
connection  block  adjacent  to  the  firing  position. 


SYSTEM  BLOCK  DIAGRAM 

The  salvo  target  system  is  shown  in  block  form  in  Fig.  D3.  This  diagram 
shows  all  Inte rcoimectlons  between  the  major  parts  of  the  system  and  the  flow 
of  power  and  control  signals.  The  system  can  be  divided  into  two  sections: 
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Fig.  D3 — InsirMfnvntaliofi  of  lh«  SALVO  I  Targ«t  Syslam 
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one  contains  the  control  instrumentation  necessary  for  ruimlng  the  experiment 
(the  tinier,  programmer,  control  relays,  and  field  devices);  the  other  compriaes 
data-recordlng  Instrumentation.  This  involves  recording  hits  scored  on 
the  targets,  trigger  pulls  of  each  rifle,  and  the  recording  of  the  time  base  and 
target  exposures.  The  arrows  indicate  the  direction  of  flow  of  control,  which 
in  general  is  from  left  to  right  on  the  diagram.  Two  separate  115-voit  5  kw 
generators  were  used  to  supply  the  necessary  ac  power.  Generator  1  supplied 
povier  for  all  the  control  circuits,  targets,  demolitions,  etc.  Generator  2  sup¬ 
plied  ac  power  only  to  the  hit  recorder.  Any  heavy  power  surges  of  the  control 
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circuits  were  thereby  isolated  from  the  relatively  sensitive  hit-recording  cir¬ 
cuit.  The  control  power  was  polarized  and  a  common  ground  used  throughout. 
Power  was  distributed  to  the  individual  control  instruments  via  the  timer  unit. 
The  recording-instrument  power  was  also  polarized;  it  was,  however,  individ¬ 
ually  distriuuuKl  to  each  instrument. 

The  timer,  described  in  detail  in  a  later  section,  provided  all  the  neces¬ 
sary  timing  and  operating  pulses  to  initiate  events  in  the  associated  control 
instruments. 

The  heart  of  the  control  system  is  the  300-posltioo  stepping -switch  pro¬ 
grammer  that  determbies  the  sequence  of  events  (duration  ol  target  exposure 
time  and  the  time  between  target  appearances).  At  this  point  events  followed 
several  paths.  The  controller,  buffer  relays,  demolition  networks,  and  shock 
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units  were  plugged  into  the  programmer  patchboard  to  operate  in  the  desired 
sequence  and  at  the  desired  time. 

The  iarge  power  and  voltage  for  operating  the  blank-firing  rifle  solenoids 
and  tlie  Cocky  Ken  targets  required  the  use  of  intermediate  buffer  relays.  12 
pulses  energized  the  appropriate  relay  and  the  relay  contacts,  and  applied  115-, 
230-,  and  345-volt  ac  to  the  blank-firing  rifle  solenoids.  Essentially  the  buffer 
relays  within  the  controller  performed  an  identical  function  for  the  target  devices. 

Other  contacts  on  the  controller  relays  controlled  nuirker  pulses  to  the 
Esterline -Angus  recorder  and  the  Brush  recorder  that  were  produced  at  iVi- 
sec  intervals  via  the  T4  pulses,  and  indicated  the  exact  time  at  which  the  relays 
were  called  to  activate  the  targets  (Fig.  D4).  A  third  function  of  the  controller 
relays  was  to  select  a  second  buffer  relay  that  in  turn  connected  the  hit-recorder 
preamplifier  to  tne  signal  lines  of  the  selected  target. 

Pulses  produced  by  hits  on  the  targets  were  electronically  conveyed  through 
the  preamplifier  to  the  spark  generator,  and  then  to  the  pens  of  the  Brush  re¬ 
corder.  Pulses  received  from  the  trigger -switch  mechanisms  in  the  weapons 
activated  pens  of  the  Esteriine -Angus  recorder. 

TIMER 

The  timer  provided  all  the  necessary  timing  and  operating  pulses  to  the 
control  and  recording  equipment.  Figure  D5  is  a  schematic  diagram  of  the 
timer.  Four  cams  attached  to  the  shaft  of  the  synchronous  motor  operated 
microswitches  to  produce  the  necessary  timing  and  control  operating  pulses. 

The  motor  output  shaft  rotated  at  one  revolution  every  Va  sec.  Push-button 
switches  were  paralleled  with  each  of  the  microswltches  to  provide  a  manual 
method  of  producing  each  of  the  pulses.  This  feature  was  used  extensively  in 
routine  maintenance  and  testing  of  equipment.  Neon  lights  were  placed  across 
each  of  the  microswltches  to  provide  a  visual  check  on  each  pulse  circuit. 
Resistance-capacitance  arc -suppression  circuits  were  installed  across  all 
operating  contacts  to  reduce  damaging  inductive  voltage  surges. 

The  Ti  pulses  were  developed  by  siicroswltch  MSi  and  were  produced 
once  for  every  revolution  of  the  motor.  The  pulse  was  0.1  sec  long  and  applied 
P5-voit  dc  to  the  programmer  sequencing  relay.  The  sequencing  relay  in  turn 
advanced  the  stepping  switch  in  the  programmer  one  position.  The  T2  pulses 
(110-volt  ac)  were  then  fed  through  the  stepping-switch  contacts  to  operate  con¬ 
trol  equipment.  T2  pulses  were  delayed  a  short  period  of  time  behind  the 
pulses  to  allow  the  stepping -switch  contac«.s  sufficient  time  to  close  before  a 
voltage  was  applied  to  them.  Microswitch  MS3  operated  relay  A,  which  in  turn 
produced  the  three  sets  of  T3  i  ulses.  '  't-to-l  step-up  transformer  connected 
as  a  booster  transformer  cascaded  *’'liu  the  115-voit  ac  line  to  provide  the  230- 
and  345-volt  power.  Relay  contacts  Ai,  A|,  and  Aa  in  the  transformer  secondary 
provided  the  actual  Fj  power  pulses.  The  Fs  pulses  were  delayed  in  time  after 
T2  pulses  to  allow  sufficient  time  for  the  control  relays  to  operate.  This  en¬ 
sured  that  the  control  relays  merely  carried  the  heavy  target  power  pulses, 
rather  than  making  or  breaking  their  pulses.  T4  pulses  were  6-volt  dc,  axKl 
were  developed  by  mlcroswltch  MS4  .  These  pulses  were  used  as  timing  pulses 
for  the  Brush  recorder  and  the  Esterline -Angus  recorder. 

The  timer  panel  also  served  as  the  ac  power-diotributlofi  panel  for  the 
other  control  equipment.  This  permitted  central  control  of  all  equipment  power. 
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TARGET  DEVICE 

A  drawljig  of  the  ORO  Cocky  Ken  target  device  is  presented  in  Fig.  D€. 

'^he  basic  parts  of  the  device  are  the  housing,  drive  spring,  Urget -stake  socket, 
and  solenoid.  The  housing,  support  clamp,  and  target  socket  are  ah>mlr.um 
castings,  heat-treated  prior  to  machining.  The  housing  is  approximately  4  by 
4  by  3  in.,  and  contains  the  electrical  and  most  mechanical  parts  of  the  device. 
An  earlier  version  has  been  briefly  described. 
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Fig.  06— Cocky  Kpn  Torggf  Ocvict,  ORO  Typ#  TD-2,  2 


Manual  cocking  to  the  prone  position  compresses  the  drive  spring  that, 
on  signal,  rotates  the  target  to  the  upright  and  then  supine  attitudes.  Several 
variations  of  drive  springs  were  employed  depending  on  the  target  weight.  For 
the  E  silhouette  target  a  cocking  force  of  45  lb  (consisting  of  a  heavy  soring  of 
20  turns  of  '/ii-in.  steel  spring  wire)  was  required.  For  the  F  silhouette  target 
a  cocking  force  of  35  lb  (consisting  of  a  spring  of  20  turns  of  Vt-in.  steel  spring 
wire)  was  required. 

As  shown  in  Fig.  DO  the  housing  end  cf  the  spring  is  parallel  to  the  drive 
shaft  and  projects  into  the  housing  through  one  of  four  holes  spaced  90  deg 
apart  around  the  in. -diameter  drive-shaft  hole.  This  feature  allows  adjust¬ 
ment  of  the  spring  tension.  Reduced  tension  results  in  slower  target  response, 
but  increases  the  life  ol  the  device.  The  outside  end  of  the  spring  fits  Into  one 
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of  several  holes  in  a  collar  that  fits  into  a  slot  in  the  end  of  the  drive  shaft, 
allowing  further  adjustment  of  spring  tension. 

The  drive  shaft  passes  through  the  housing  and  projects  on  the  other  side 
for  the  target  socket.  Both  shaft  holes  of  the  housing  are  bossed,  or  thickened, 
to  minimize  distortion  from  latching  Impact.  Lateral  movement  of  the  shaft 
is  restricted  by  coilars  on  either  side  of  the  housing.  The  target  socket  is 
pinned  to  the  shaft  to  facilitate  ready  replacement  of  damaged  units. 


Fig,  D7— Torgtf  Dtvict  with  E  Silhowettr  Targtt 

The  latch  and  pawl  system  encounters  heavy  shocks  when  the  target  Is 
operated,  and  these  parts  are  therefore  prehardened.  The  latch  and  pawl  sys¬ 
tem  Is  very  sensitive  to  relative  positioning;  however,  because  of  the  sturdinese 
required  of  the  latch  support,  adjustability  could  not  readily  be  incorporated  in 
the  design.  Accurate  positioning  Is  attained  by  drilling  the  drive  shaft  for  the 
pawl  fastening  pins  after  the  target  socket  la  joined  to  the  drive  shaft  and  the 
shaft  inserted  into  the  housing.  The  flats  of  the  pawl  are  thus  aligned  with  the 
proper  position  of  the  target  socket. 

A  ll&-volt  Bendix  solenoid  trips  the  latch  that  releases  the  drive  spring, 
thereby  erecting  the  target.  The  clapper,  made  of  sheet  metal  with  a  latch- 
arm  window  in  its  center  position  and  a  weight  on  its  lower  end,  Is  loosely  pin¬ 
ned  to  the  armature  in  the  solenoid.  The  adjustment  of  the  solenoid  position  is 
determined  by  the  latch  and  the  window  engagement  when  the  solenoid  is  ener¬ 
gised,  such  that  the  tripped  latch  will  prevent  the  armature  from  seating  by 
approximately  Vu  is. 
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A  mlcFOswitch  and  Its  opeiratlng  cam  are  located  In  the  housing.  The 
functlo.:  of  the  mlcroswltch  is  to  disconnect  the  solenoid  from  the  “up”  line, 
from  which  It  receives  pulses, and  connect  It  to  the  “down”  line.  This  prevents 
the  solenoid  from  accepting  further  “up”  pulses.  The  target  will  thus  remain 
in  an  erect  position  until  pulses  are  applied  via  the  “down”  line. 

The  target  installation  was  a  quick  and  simple  operation.  A  2>  by  4-in. 
stake  was  driven  in  the  ground  and  the  target  mechanism  was  clamped  to  the 
stake.  Wires  from  the  control  position  terminated  In  a  three-pin  twist -lock 
plug,  which  was  Inserted  into  a  receptacle  on  the  device.  To  minimize  possible 
damage  to  the  mechanism,  sandbags  (up  to  approximately  9  in.  high)  were  placed 
between  the  device  and  the  firing  line.  An  alternative  method  of  Installation  was 
to  scoop  a  shallow  bole  in  the  ground,  so  that  the  mechanism  was  half  below  the 
surface,  with  the  removed  soil  placed  in  front  of  the  device.  A  device  with  an 
E  target  Is  shown  in  Fig.  D7. 


PROGRAMMER 


The  ORO -deveioped  programmer  proved  to  be  a  reliable  means  of  obtain¬ 
ing  automatic  presentation  of  targets  on  a  reproducible  schedule  of  events  con¬ 
trolled  by  a  preselected  program  of  electric  pulses.  A  total  of  300  equal  time 
Increments  was  provided  such  that,  beginning  with  the  start-button  contact  at 
time  zero,  event-creating  pulses  could  be  obtained  from  the  appropriate  ter¬ 
minals  on  a  patch  panel  In  any  number  up  to  300.  For  this  experiment  the  basic 
time  Increment  generated  by  the  timer  was  1%  sec,  permitting  a  program  of 
450  sec,  or  1%  min. 

The  basic  component  of  the  programmer  was  a  12-ievel  25-posltlOii  rotary 
stepping  switch,  which  advanced  one  position  for  each  activation  of  its  motor 
magnets.  A  second,  smaller  synchronized-actlon  stepping  switch  selected 
each  of  the  12  levels  c(  the  larger  switch  In  sequence.  The  top  horizontal  row 
of  25  terminals  corresponded  to  the  25  positions  of  the  first  level  of  the  main 
stepping  switches;  the  next  row  to  the  next  level  of  the  main  stepping  switches; 
etc.  When  the  stepping  switch  had  reached  the  end  of  the  bottom  row,  other 
Internal  circuitry  returned  the  switches  to  a  “homed”  position.  Pushing  the 
start  button  set  the  programmer  into  Its  automatic  sequencing. 

The  programmer  had  two  main  sections:  (a)  The  control  for  sequencing 
the  switches  (Ti  pulse  programing),  and  (b)  the  selection  of  circuits  by  the 
contacts  of  the  stepping  switch  (T2  pulse  programing).  From  Fig.  D8,  It  can 
be  seen  that  the  small  stepping  switch  selected  the  contact  level  cf  the  large 
stepping  switch.  To  reduce  the  required  number  of  level  selection  contacts, 
two  adjacent  levels  of  the  large  stepping  switches  were  connected  to  a  single 
contact  of  the  level  selector  switch.  This  was  possible  since  the  contacts  of 
the  large  stepping  arc  were  distributed  on  an  arc  of  only  180  deg,  and  adjacent 
levels  were  not  simultaneously  engaged.  The  individual  coinacts  Of  the  large 
stepping  switch  were  connected  to  the  300  correspondingly  located  terminals 
on  the  patch  panel  (Fig.  D9).  These  terminals  presented  the  output  cf  lae  pro¬ 
grammer,  demolitions,  blank-firing  rifle  relays,  shockers,  etc.  T|  pulses  were 
fed  through  the  level  solector-swltch  contacts  and  then  to  the  large  stepping- 
switch  contacts,  and  from  these  to  the  output  patchboard  terminals.  The  con¬ 
tacts  of  the  stepping  switches  did  not  actually  make  or  break  the  power  to  the 
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loads.  T2  pulses,  as  explained  earlier,  were  applied  only  alter  the  stepping 
switches  had  advanced. 

Figure  D8  shows  the  manner  In  which  the  control  of  the  programmer  was 
accomplished.  Since  the  26th  position  of  the  large  stepping  switch  was  not  use- 
ful  for  the  progress  of  the  programmer,  it  was  necessary  that  at  every  26th 
step  the  large  stepping  switches  were  automatically  advanced  to  the  next  posi¬ 
tion;  on  every  other  26th  step  (or  every  S2d  step)  the  small  level-selector 


Fig.  D9 — Patch  Pontl  fot  Pragtonmar 


switch  also  had  to  be  advanced.  Both  functions  were  accomplished  by  the  addi- 
iion  of  a  separate  relay  operated  by  T)  pulses,  and  by  the  separate  side  and  in¬ 
terrupter  contacts  that  are  part  of  the  stepping  switches.  Referring  to  Fig.  D6, 
this  functioned  as  follows;  the  T|  pulses  operated  relay  R  each  time  they  clos^. 
The  relay  contacts  controlled  the  large  stepping -switch  magnets,  causing  the 
switch  to  index  around  one  position.  When  the  26th,  or  blank,  position  was 
reached,  the  side  contacts  of  switch  A  operated  relay  R,  and  hence  the  large 
stepping -switch  magnets.  When  these  magnets  operated,  the  interrupter  con¬ 
tacts  were  opened  and  relay  R  opened  the  magnet  circuit.  Since  the  switch 
stepped  in  approximately  sec,  It  advanced  to  the  next  position  before  the 
associated  Tj  pulse  was  produced.  The  52d  step  of  the  switches  closed  the  side 
contacts  of  the  large  stepping  switch  B,  which  controlled  the  indexing  level- 
selector  switch  C. 

To  accomplish  the  automatic  resetting  of  the  program.ner  to  Its  ready  or 
'home*  position,  two  extra  levels  for  the  level-selector  switch  C  were  used. 

The  second  level  controlled  the  operation  of  relay  R  by  the  timing  contacts, 
and  by  its  action  ensured  that  the  large  stepping  switches  were  stopped  in  the 
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positiun  for  the  next  start.  The  third  level  and  the  interrupter  springs 
of  leveNselector  switch  C  returned  switch  C  to  Its  start. 

Two  push-button  switches  located  on  the  control  panel  provided  for  man¬ 
ual  single-step  operation.  One,  the  start  switch,  also  functioned  as  a  manual 
level-indexing  switch.  The  other  switch  operated  relay  R  in  a  manner  similar 
to  the  timer  contacts.  Two  neon  liglits  on  the  control  panel  showed  (a)  the  timer 
contacts  closing,  and  (b)  when  the  lowest  level  had  been  reached  by  the  sequenc¬ 
ing  stepping  switches. 

Although  the  programmer  was  generally  operated  from  llS-volt  ac  lines, 
lifi'-volt  dc  lines  would  have  sensed.  For  field  use  where  115  volts  Is  not  avail¬ 
able,  a  simple  modification  could  readily  be  performed  to  permit  operation  from 
28  volts  supplied  by  storage  batteries. 

To  reduce  the  sparking  of  the  control  circuitry  contacts,  spark -suppression 
resistor-capaciter  networks  were  connected  as  shown  in  Fig.  08.  For  other 
uses  of  the  programmer,  intcrruptor -switch  connections  were  brought  out  to 
panel  terminals  to  permit  synchronized  control  of  other  appropriate  exterior 
circuitry. 


BUFFER  RELAY  PANELS 

This  panel  served  as  a  buffer  unit  between  the  programmer  and  the  target 
mechanisms  (Fig.  DIO).  The  programmer  stepping-switch  contacts  were  too 
small  to  carry  the  S-amp  current  surges  drawn  by  the  target -device  activating 
solenoid.  The  control  relays  were  operated  by  the  programmer,  and  their  con¬ 
tacts  in  turn  switched  the  target  power.  The  relay  employed  was  a  two -position 
latching  relay  with  four  double -throw  contacts.  One  such  relay  was  used  for 
each  target  device.  A  target  was  exiled  up  by  activating  the  set  coil  of  the  re¬ 
lay  by  means  of  T2  pulses  via  the  programmer.  T3  pulses  then  passed  through 
the  up  contacts  to  the  target  device.  The  target  could  be  triggered  down  by 
activating  the  reset  coll  so  that  T3  pulses  were  applied  to  the  down  line.  In¬ 
dividual  switches  on  each  relay  provided  manual  operation  of  each  relay  for 
testing  purposes. 

The  second  set  of  control-line  contacts  on  these  relays  operated  the  hit- 
recorder-circuitry  buffer  relays.  These  relays  selected  the  correct  target 
signal  lines  and  were  physically  separated  from  the  control  relays  in  order 
to  eliminate  possible  spurious  signais  being  induced  on  the  input  of  the  hit  re¬ 
corder.  Neon  lights  on  the  third  set  of  contacts  gave  a  visuai  indication  of  the 
ntate.  The  fourth  set  of  contacts  operated  pens  on  the  recorder  for  the  desired 
nuration  of  target  appearance. 

MOVING  TARGETS 

The  moving-target  carriage  was  developed  by  ORO's  Electronics  Labora¬ 
tory.  Three  moving  targets  wore  included  in  the  target  complex.  Each  unit 
moved  approximately  60  ft  while  exposed,  and  th«  rates  of  movement  were  dif¬ 
ferent  for  all  three. 

A  trench  3  ft  wide  and  60  ft  long  was  required  to  protect  tiie  SBoving  car¬ 
riage  and  its  guiding  and  supporting  track.  The  excavated  material  was  placed 
to  the  front  of  the  unit  to  permit  a  reduction  of  the  required  trench  depth. 
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All  ihree  moving  targets  utilized  the  £  silhouette;  the  target  mechanisms 
were  the  Cocky  Ken  units  previously  described.  On  cummand  the  target  was 
elevated.  As  tie  target  neared  its  fully  upright  position,  the  carriage  started 
accelerating  until  the  preset  top  speed  was  reached.  The  internal  speed- 
governing  circuit  then  functioned  to  permit  the  carriage  to  coast  until  its  speed 
decreased  approximately  10  percent,  at  which  point  the  power  was  again  applied 
to  accelerate  the  carriage  to  the  top  speed  limit.  The  effect  produced  simulated 
a  running  man. 

Near  the  end  of  the  desired  length  of  travel,  a  carriage -mounted  trip  switch 
was  triggered  by  a  pawl  on  the  track.  The  switch  caused  the  drive  motor  to  re¬ 
verse  Us  direction  thereby  slowing,  halting,  and  finally  reversing  the  direction 
of  the  carriage  travel.  As  the  carriage  reversed  its  direction,  the  trip  switch 
was  again  actuated,  the  motor  power  was  removed,  and  the  target  device  act¬ 
uated  to  drop  the  target. 

Between  runs  the  carriage  was  returned  manually  to  its  starting  position, 
and  the  target  device  was  again  cocked.  The  unit  was  then  ready  for  the  next 
run. 

Two  light  control  lines  of  combat  wire  and  the  coaxial  lead  carrying  the 
hit- recording  signal  were  connected  between  the  carriage  and  the  control  point 
behind  the  firing  lines. 

A  6 -volt  storage  battery  was  mounted  on  the  carriage  to  provide  a  power 
source  for  the  driving  motor.  For  the  60-ft  runs,  a  single  charge  of  the  storage 
battery  was  sufficient  for  2  days  of  operation  (approximately  20  to  30  runs  in¬ 
cluding  testing). 

Figure  Dll  shows  the  general  construction  of  the  moving  target,  and  Fig. 
Di2  shows  a  schematic  drawing  of  the  control  circuitry.  Figure  Dll  shows  the 
basic  parts  of  the  carriage  and  the  way  in  which  it  is  mounted  on  the  tracks, 
hot  Hoas  net  ishs:?  the  detail*  of  Lite  iiiauble-iisnged  wheels  that  support  the  car¬ 
riage  from  the  lover  track.  The  wheels  arc  loosely  fitted  to  their  axles  and 
are  centered  by  helical  springs  from  both  sides  to  the  channel -shaped  iron 
frame,  thus  allowbig  the  carriage  to  follow  the  horizontal  changes  of  the  guid¬ 
ing  track  without  binding.  The  tracks  are  two  hot-rolled  flat -bar  iron  rails, 

V4  by  2  In.,  spaced  vertically  about  12  in.,  and  supported  by  a  series  of  meUU 
posts  aX  approximately  3 -ft  intervals.  The  bottom  rail  supports  the  carriage. 
The  top  rail  maintains  the  unit  in  a  vertical  position,  and  its  fiat  side  provides 
a  surface  against  which  the  propulsion  wheel  reacts.  This  track  design  pro¬ 
vided  the  flexibility  needed  to  adjust  to  minor  terrain  variations. 

The  si^iporting  structure  of  the  track  system  Is  made  of  “Dexion,"  perfo¬ 
rated  light  steel  and  aluminum  angle.  The  vertical  stake  used  for  spacing  the 
tracks  end  supporting  the  upper  one  is  bolted  to  a  crosspiece  that  serves  to 
provide  the  support  for  the  lower  track.  To  achieve  rigidity,  a  third  member 
is  attached  between  the  crosspiece  and  the  vertical  member  on  the  opposite 
side  from  the  tracks.  Longitudinal  Oexion  members  serve  to  tie  these  basic 
sertlcns  together. 

'fhe  motor  used  is  a  Ford  starter  unit  equipped  with  an  extra  set  of  field 
windings  to  provide  reversibility.  A  centrilugai-switci«  speed  governor  is  at¬ 
tached  to  the  shaft  of  the  motor,  and  allows  easy  adjustment  of  the  top  velocity 
of  Lhs  mechanism  within  a  range  from  5  ft/sec  to  30  ft/sec.  Total  weight  of 
the  target  carriage  is  65  ib.  The  unit  can  accelerate  to  a  velocity  of  20  ft/sac 
In  the  first  15  ft  of  track. 
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Tit«  electronic  control  sequence  of  the  ixioving  carrimge  Is  as  follows: 

(a)  Pulses  from  an  external  timer  are  first  applied  to  line  1.  The  target 
solenoid  Is  energised;  the  target  Is  raised. 

(b)  The  cam-operated  microswitch,  located  within  the  target  mechanism, 
switches  from  line  1  to  line  2. 

(c)  Latching  relay  K1  is  energized  by  the  up  pulses  on  liite  1.  Contacts 
Kli,  Kla.  and  KI«  close. 

(d)  The  Kla  closing  of  contact  Kli  energizes  the  forward  solenoid,  which  In 
turn  energizes  the  driving  .motor. 


Fig.  013— Wav*  Farmi  fcr  Moving  Tofg*! 
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(e)  Ths  target  is  now  aaoving  along  the  track,  within  fractions  of  a  second 
after  the  first  np  pulse. 

(f)  Up  pulses  are  removed  aad  down  pulses  are  applied  to  line  2.  (Note; 

K1  la  still  set;  thersfors  contact  Kl*  is  open,  keefdag  the  down  pulses  ail  the 
target  solanoid.)  Relative  wave  forms  for  ths  operating  sequence  of  the  moving 
targets  are  shown  In  Fig.  DIS. 

(g)  The  target  oxivea  along  the  track  under  control  Its  ■ovcmor.  When 
the  Ui'gei  neure  me  end  of  the  track  the  trip  switch  la  throen  via  a  mecknitlcal 
stop. 

(h)  The  trip  switch  deenergizes  the  forward  solenoid  and  thus  the  forward 
winding  of  the  driving  motor.  The  trip  twitch  in  its  new  position  eoergliea  the 
reverse  soicnoid  aad  thus  the  ‘reverse  direction  travel*  windings  of  the  motor. 

(i)  Latching  relay  K2  is  also  sst  through  the  trip  switch,  opurtUng  contacts 
Ui,  K2.,  and  K2,. 
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(J)  The  target  reverses  its  direction  ?nd,  in  coming  back  past  the  limit 
switch. sets  it  to  ItA  original  position.  Tiiia  deenergizes  the  reverse  solenoid. 

(k)  Rela>  K1  resets  through  contact  K2t,  and  the  forward  solenoid  remains 
deenergized  owing  to  contact  K2i  beUig  open. 

( i)  This  has  occurred  before  the  target  has  had  time  to  pick  up  speed; 
therefore  it  coasts  to  a  halt  in  a  very  short  distance  (1  to  2  ft). 

(m)  Contact  Kli  applies  the  down  pulses  to  the  target  solenoid  and  the  target 
pops  down.  Relay  B  is  reset  through  contacts  Kli  and  K2s. 

(n)  All  switches  and  relays  have  been  reset  to  their  original  condition,  so 
that  it  is  only  necessary  to  push  the  target  back  to  the  other  end  of  the  track,  cock 
It,  and  the  target  is  ready  to  run  again. 

Loss  of  control  of  the  imit,  particularly  at  the  end  of  its  travel,  was  ex¬ 
perienced  and  is  primarily  ascribed  to  the  type  and  quality  of  the  latching  re¬ 
lays  used. 

DISCLOSING  FIIIE  FROM  THE  TARGETS 

To  disclose  the  position  of  targets  that  were  partly  concealed,  a  blank 
round  was  fired  at  the  time  of  the  target  appearance  from  Ml  rifles  aimed  to¬ 
ward  the  firing  line  and  mounted  in  specially  constructed  boxes. 

The  rifles  were  electrically  operated  and  controlled  from  behind  the  fir¬ 
ing  line  by  the  programmer.  The  operation  of  the  rifles  was  as  follows:  T2 
pulses  from  the  programmer  operated  the  correct  buffer  relay.  The  relay 
contacts  in  turn  applied  ac  power  to  the  control  lines  of  the  blank -firing  rifle 
for  the  duration  of  the  relay  contact  closura.  This  power  operated  a  Bendix 
solenoid  identical  to  the  ore  used  in  the  Cocky  Ken  target  device.  The  solenoid 
was  mechanically  linked  to  the  trigger  so  that  the  rifle  would  fire  when  the 
solenoid  was  energized.  Figure  D14  is  a  photograph  of  the  unit. 

ARTILLERY  AND  RIFLE  FIRE 

To  achieve  realism,  10  artillery  bursts,  simulated  by  exp'Mlng  y4-ro 
blocks  of  nltrostarch,  and  11  rifle  shots,  simulated  by  No.  6  electric  detonat¬ 
ing  caps,  were  detonated  in  the  target  area. 

Combat  wire  carried  the  required  currents  from  the  control  point  to  the 
field  locations.  A  connection  block  terminated  the  wire  in  the  field,  and  func¬ 
tioned  as  a  quick  connection  for  the  wires  from  the  detonating  caps,  and  as  a 
mount  for  an  arc-sui^ression  resistor-capacitor  network. 

The  panel  used  to  terminate  the  lines  from  the  field  at  the  control  point 
incorporated  a  quick-disconnect  plug  for  the  leads  from  the  programmer.  To 
provide  maximum  safety  this  connector  was  replaceable  with  a  plug  that  shorted 
all  leads  from  the  field  together  and  to  groiaid. 

ELECTRIC  SHOCK  UNITS 

For  additional  realism,  ORO’s  Electronics  Lab  developed  a  special  shock¬ 
ing  device  that  would  simulate  wounding  the  subject  troops  during  the  experi¬ 
mental  firing  (Tig.  015). 
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Fig.  D14 — Blonk'Flring  Rifle  Unit 


Fig.  D15— Electric  Shock  Unit  (Shoem  with  Three  Flashlight  Gertenes 
Ineteod  of  the  Six  Perriite  Batteries) 
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EIxaminatkNa  of  th«  Uterjiture**  Indicated  that  safe  electrical  currer.la 
through  the  human  body  ehould  not  exceed  12  ma.  Current  in  exceat  of  12  ma 
la  dangeroua  if  it  exceeds  about  8  msec.  These  limitationa  are  applicable  to 
full-body  ebock  on  normal  adults.  Shock  that  does  not  traverse  the  heart  region 
can  safely  be  coneklera'triy  higher  (with  the  proviso  that  no  accidental  connec  - 
tlon  across  the  heart  region  is  possible).  On  the  other  hand,  the  safe  conditions 
for  normal  adults  are  not  adequate  in  the  event  that  the  subject  is  prone  to  heart 
disease  or  epilepsy.  It  vras  also  noted  that  the  maximum  safe  current  is  very 
close  to  the  minimum  effective  current. 


Fig.  D16— Scheowtic  Diogrm  of  Electric  Shock  Unit 

For  use  in  the  SALVO  1  experiment  it  was  first  thought  that  violent  mus¬ 
cular  or  psychological  rsaction  to  the  electric  shock  might  incur  secondary 
danger,  since  tne  sub^ts  were  handling  loaded  weapons  in  close  proximity 
to  one  another.  It  was  dscidsd  therefore  to  keep  the  shock  oil  the  upper  por¬ 
tions  of  the  body  entirely.  It  was  felt  that  application  of  the  shock  cn  the  leg 
would  be  quite  safe  in  Uds  regard.  Use  of  carefully  constructed  cicctrodee  on 
the  lower  leg  or  ankle  precliaded  any  poeslbllity  that  the  high  voltage  could  be 
applied  to  the  upper  torso.  Accordingly  slumlaum -plate  electrodes  were  de- 
tlgned  to  slip  into  the  subject's  boots.  The  subjects  wars  screened  for  heart 
disease  and  epilepsy  before  acceptance.  To  avoid  even  a  remote  possibility 
of  catastrophe,  the  circuit  was  designsd  to  limit  the  cur  rest  to  the  indicated 
12  ma. 

The  device  used  was  s  Ford  Modal  T  Igaltion  coil,  which  operated  with 
its  own  tsterruptcr.  (Figure  D18  shows  ths  circuit  used.)  Ths  relsysbown 
operated  on  Tf  pulses  from  the  programmer  to  close  the  prime  ry  circuit.  The 
itentlcal  cqpiipiaeiit  is  supplied  by  s  sorelty  company  «mdcr  the  trade  name 
"AuAo-Shocko.”  To  casure  safety  the  usll  was  isolated  from  the  ground  in  a 
plastic  housing,  thus  eliminstlsf  the  posalbi'lty  of  the  shock  passing  through 
any  part  of  the  body  but  the  leg  to  which  the  electrodes  were  attached.  The 
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resistance  K  was  added  to  ttie  item  as  supplied  by  the  manufacturer.  Measure¬ 
ments  of  a  dismantled  item  indicate  the  following  characteristics: 

(a)  The  capacitance  C  Is  0.1  pf. 

(b)  The  transformer  turns  ratio  was  measured  at  1  to  75. 

(c)  The  transformer  secondary  inductance  L2  was  measured  at  17Va  henries. 

(d)  The  resistance  R  that  was  added  is  0.5  megohms. 

From  these  values  it  is  possible  to  compute  the  maximum  current  deliv¬ 
erable  from  the  output  terminals  on  the  right  side  of  the  figure.  Using  the  two 
penlite  batteries,  the  primary  current  with  the  interrupter  S  closed  was  meas¬ 
ured  at  0.4  amp  (I2). 

The  maximum  delivered  current  i2  is  then  given  from  Ohm’s  law  by 


/2 

(Dl) 

where  £2  is  the  peak  voltage  included  on  the  secondary. 

F.  -M(dr>dt)  -  Ml./r 

2  *  * 

(D2) 

where  t  is  the  decay  time,  and  M  Is  the  mutual  inductance. 

C  r  •>  \/L  \  C 

{D3) 

W  »  K.\J 

(D4) 

for  coefficient  of  coupling  K  approaching  unity.  Combining; 

/}  “  (i  i/R)  yjh^f  Q 

(D5) 

••  lOH  ma 


The  corresponding  maximum  voltage  £2  is  5300  volts. 

It  is  thus  seen  that  the  delivered  current  is  limited  to  less  than  12  ma. 
The  maximum  current  actually  achieved  was  probably  considerably  lower, 
owing  to  a  variety  of  factors  that  increased  the  decay  time,  reduced  the  pri¬ 
mary  current,  decreased  the  coupling,  increased  the  load  resistance,  etc. 


HIT  RECORDING 

Figure  D17  shows  construction  details  of  the  hit-recording  target.  Es¬ 
sentially  the  target  consisted  of  a  front  and  rear  layer  of  conductive  rubber 
separated  by  an  insulating  layer  of  rubber.  The  conductive  rubber  was  United 
States  Rubber  Company  type  M8737,  and  the  insulating  rubber  was  t]rpe  MM71. 
The  conductive  layers  had  copper-screen  electrodes  stapled  to  their  edges  as 
shown  in  Fig.  D17.  This  configuration  was  used  so  that  the  distance  from  a 
hit  to  both  electrodes  and  hence  the  pulse  attenustlon  would  be  approximately 
the  same  regardless  of  the  location  of  the  hit  on  the  target.  Several  leads  were 
attached  to  each  electrode  to  ensure  having  connections  even  after  one  or  two 
had  been  shot  away. 
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The  layers  of  the  sandwich  were  glued  together  with  B.  F.  Gcpodrich  Co. 
VulcaiOA  rubber  cement.  The  sandwich  was  then  attached  to  a  standard  Army 
pasteboard  silhouette  target  previously  mounted  to  an  aluminum  ^channel  sup¬ 
porting  stake.  An  additional  pasteboard  target  was  glued  to  the  front  of  the 
sandwich  to  prevent  some  of  the  ricochet  fragments  from  penetrating  It  and 
causing  a  permanent  short. 

A  previous  test  showed  that  the  usual  wood  supporting  stake  could  not 
withstand  the  heavy  fire  to  be  expected  in  the  SALVO  I  eiqperiment.  Aluminum 
channel  was  substituted,  and  functioned  satisfactorily  even  after  sustaining  50 
to  75  penetrations. 


Tbe  hit  Indication  was  obtained  when  a  bullet  penetrated  the  target  and 
produced  a  transient  short  between  the  two  layers  of  condiictlve  rubber.  Volt¬ 
age  ai^lled  between  the  two  layers  produced  a  pulse  by  the  shorting  action. 

This  pulse  produced  by  the  target  waa  of  very  low  amplitude,  and  shielded 
cable  waa  required  between  the  target  and  the  recording  circuitry  to  reduce 
undeslred  plckiip  and  ernr^enusnt  spurious  indications.  The  low-smplltude 
pulses  resulted  from  the  .  ■  '‘eslatance  of  the  condiictlvo  rubber.  Attsmpts 
to  amplify  the  pulse  by  Increasing  the  aq>plled  voltage  above  200  volts  were  un¬ 
successful.  Increased  voltage  produced  multiple  pulses  from  a  single  hit. 

These  multiple  pulses  were  probably  caused  by  arcing  across  small  fragments 
of  conducting  rubber  tom  loose  by  a  bullet. 

Figure  D18  la  a  schematic  diagram  of  the  target  input  circuit,  preampli¬ 
fier,  and  spark  generator.  The  Input  circuit  of  the  preamplifier  consisted  of 
a  UTC  LS-12X  input  transformer  with  a  atep-\qp  ratio  of  10  to  1.  A  low-paaa 
realstor-capacltor  filter  waa  used  on  tbe  Input  of  the  preemplUler  to  eliminate 
high-frequency  noise  that  might  be  recognised  as  a  hit.  Three  67 -volt  batteries 
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were  used  to  develop  the  target  pulse  with  a  resulting  signal  level  at  the  amuii- 
(ier  Uiput  of  approximately  10  to  20  mv.  The  amplifier  utilized  was  a  modify  i 
commercially  available  Scott  decade  amplifier.  To  eliminate  the  possibility  of 
noist  or  interference  from  the  60>cyclc  power  supply,  the  preamplifier  was 
modified  to  be  completely  battery  operated.  Specifications  on  the  amplifier 
are  as  follows: 

Gain— 40  db 

Equivalent  input  noise— 10  pv  lor  a  bandwidth  of  bOO  kc 

Output  voltage— 40  volts 

Frequency  response— 0.2  db  from  10  cps  to  500  kc 

Input  impedance— 1  megohm 

The  input  of  the  amplifier  was  made  adjustable  by  means  of  a  25,000-ohm 
potentioniCUr.  This  output  was  then  fed  into  a  second  unmodified  Scott  decade 
amplifier  set  to  a  gain  of  20  db.  The  signal  thus  available  at  the  input  to  the 
spark  generator  was  a  pulse  of  approximately  10-voit  amplitude.  Its  width  was 
approximately  50  psec. 

The  first  stage  of  the  spark  generator  served  as  an  inverter  and  ampli¬ 
fier.  It  was  a  standard  audioamplUIer,  and  a  gain  of  20  db  was  obtained  from 
one  half  of  a  12AT7.  The  pulse  available  at  the  output  of  this  stage  had  suffi¬ 
cient  magnitude  to  drive  the  succeeding  flip-flop  stages;  however,  its  leading 
edge  was  not  sharp  enough  to  trigger  the  flip-flop.  A  squaring  amplifier  fol¬ 
lowed  the  first  stage  and  shaped  the  pulse  into  an  acceptable  form  by  convert¬ 
ing  the  slow  rising  puise  into  a  square  wave  of  a  standard  amplitude  and  of 
suitable  rise  and  decay  times.  The  squaring  amplifier  was  a  self-contained 
plug-in  unit  that  operated  on  a  minimum  input  signal  of  30  volts  and  accepted 
frequencies  beiween  0  and  100  kc.  The  magnitude  of  its  output  signal  was  100 
volts.  One-psec  rise  time  and  a  3-psec  decay  time  were  required. 

As  mentioned  earlier,  hit  t  couid  occur  as  ciose  together  as  0.5  msec: 
however,  the  electric -pen  writing  circuits  were  unable  to  recover  in  this  short 
time.  To  allow  sufficient  time  for  these  circuits  to  recover,  the  hit  pulses 
were  sequenced  to  four  pens.  Each  pen  was  thereby  used  once  for  every  four 
hits  scored.  The  desired  separation  was  accomplished  through  frequency - 
dividing  flip-flop  circuitry.  Three  piug-in  interconnected  flip-flops  (Fig.  018) 
were  used  to  obtain  the  desired  frequency  division  of  four  to  one.  The  wave 
forms  (Fig.  019)  show  how  the  division  was  accomplished  and  indicate  typ¬ 
ical  response  from  six  randomly  spaced  hits. 

It  is  easily  seen  from  these  wave  forms  that  any  one  output  of  flip-flop 
2  or  3  went  in  a  positive  direction  only  once  for  every  four  hit  pulses  at  the 
input  of  flip-flop  1.  It  was  this  positive  pulse  that  activated  the  thyratron 
pen-writing  circuits. 

The  thyratron  (type  2021)  pen-writing  circuits  were  biased  with  minus 
45  volts  so  that  they  were  normally  cut  off.  The  thyratrons  were  self- 
extinguishing  through  the  action  of  the  2-pf  condenser  on  the  plates.  A  posi¬ 
tive  pulse  on  the  control  grid  fired  Uie  thyratron,  and  it  extinguished  itself 
and  remained  cut  off  until  the  next  positive  pulse  from  the  flip-flop  output. 

The  previously  mentioned  long  recovery  time  of  the  thyratrons  was  the  time 
required  for  the  2-pf  condenser  to  charge  through  the  5000-ohm  plate  load 
(10  msec}.  If  five  hits  occurred  within  this  lO-msec  period,  the  thyratron 
being  pulsed  to  record  the  fifth  hit  would  not  have  had  time  to  recover.  The 
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prohahlllty  of  getting  over  four  hits  within  this  perir^  ^  ^  tTa  e  ^  S  IT \  1 

enougil  to  be  acceptable. 

The  discharge  of  the  condenser  through  the  thy  ratron  developed  a  pulse 
across  ‘he  6-volt  winding  of  an  ordinary  filament  tr.maformer.  This  pulse 
was  transformed  up  by  a  factor  of  apprcximately  1  to  20.  A  pulse  of  over  500 
volts  peak  was  obtained  fr'm  the  seconcary  of  the  transformer  and  applied  to 
the  pens  of  the  recorder. 


Fli|>>(lop  1  input 

Flip-flop  1  Pin  6 
Flip-flop  I  Pin  7 


F  lip-flop  2  Pin  6 
Flip-flop  2  Pin  7 


- n 

r-  I 

— 

— 

1 

Hit|puls«> 

_ 1 

Flip-flop  3  Pin  6 
Flip-flop  3  Pin  7 


Hil 


J- 


Mil 


r 


1 


1 


I 

I 

I 


Hit  i  3 


I 


I  Hit  I  4 


Hu  's 
I 


Hit 


Fig.  019 — Wove  Forms  far  Flip-Flop  Switch  Rosponsos  fa  Six 
Randomly  Spaced  Hits 


The  recorder  was  m  standard  Brush  Electronics  Oscillograph  naodel  BL- 
202  that  had  been  modified  by  replacing  the  standard  ink-writing  pens  with  (our 
special  electric -writing  pens.  The  chart  paper  had  its  reverse  side  coated  with 
a  conductive  graphite  compound.  The  electric  spark  developed  between  the  pen 
and  the  paper  burned  a  Hznall  spot  on  the  paper  to  provide  a  permanent  record 
of  the  time  of  each  hit.  A  separate  Inklng-type  pen  applied  Umlng-markcr 
pulses  every  iVt  sec  by  responding  to  T4  pulses.  The  recorder-paper  trans¬ 
port  speed  was  set  to  50  rom/sec 

Electromechanical  counters  were  incorporated  as  auxiliary  hit  Indicators. 
The  counters  were  actuated  by  a  relay  that  in  turn  was  driven  by  one  triode  of 
a  type-12AT7  dual  triode.  The  hit  pulses  were  coupled  Into  the  grid  of  the  re¬ 
lay  driver  through  an  and/or  gate  of  the  flip-flop  outputs.  One  of  the  counters 
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was  allowed  to  operate  as  fast  as  :t  could,  to  Indicate  all  possible  hits.  The 
second  counter’s  action  was  slowed  down  by  meaiu  of  a  network  so  that  it 
would  only  count  bursts  of  fire  rather  tiuUi  iituiviuuai  hits.  Thus  i£  four  hits 
were  scored  frc;z  one  automatic  burst,  counter  1  would  indicate  four,  whereas 
counter  2  would  indicate  only  one.  Multiplex  hits  were  not  resolved  by  either 
counter. 


TRIGGER-PULL  RECORDING 

The  Internally  mounted  trigger  switches  used  to  indicate  time  of  firing 
utilized  the  weapon’s  hammer  movement  to  provide  switching  action.  Figure 
D20  is  a  photograph  of  the  Ml  rifle  switch  showing  both  old  and  modified 
versions. 

A  light  15-ft  three -wire  cable  carried  the  signal  from  the  weapon  to  a 
terminal  block  at  the  firing  line.  Two  wires  of  the  cable  functioned  as  elec¬ 
trical  leads,  and  the  third  served  as  a  mechanical  strain-absorbing  device. 
Combat  wire  carried  the  signal  from  the  block  to  the  recorder.  Figure  D21 
shows  the  recording  circuit  used. 


POWER  CONSIDERATIONS  AND  ILLUMINATION 

Two  115-\olt  60-cycle  5-kw  gasoline-driven  generators  supplied  all  the 
power  used  by  the  target  and  recording  systems.  Although  generators  of  lesser 
capacity  (down  to  iVa  kw)  would  have  been  sufficient,  more  reliable  operation 
was  assured  by  the  larger  units.  One  generator  supplied  power  for  the  control 
devices.  The  second  generator  supplied  power  for  the  recording  system  only. 
Separate  generators  were  used  to  prevent  the  heavy  power  surges  drawn  by  the 
centre;  equipment  from  aXfcctbtg  tlie  ac  aupply  iu  ibe  recording  instruments, 
and  providing  spurious  pulses  that  might  record  as  hits. 

The  night  firings  took  place  under  a  constant  low  level  of  artificial  illu¬ 
mination  approximating  that  of  bright  moonlight.  Floodlights  were  mounted 
on  six  20-ft  towers  constructed  on  the  site,  using  Dexion  perforated-steel 
angle.  Three  towers  were  spaced  along  both  edges  of  the  firing  fan  to  obtain 
the  required  evenness  of  illumination.  In  the  four  fixtures  nearer  the  firing 
point,  500-watt  incandescent  lamps  were  used;  1000-watt  units  were  used  in 
the  more  distant  fixtures.  These  were  powered  by  a  separate  generator  of 
5-kw  capacity.  The  reflectors  were  pointed  slightly  upward  and  away  from 
the  firing  line,  so  that  Illumination  on  the  target  area  was  fairly  even. 
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SUMMARY 

Seven  Idnda  of  data  were  recorded  in  the  SALVO  1  ejq[)eriment:  (1)  bullet 
holes  in  the  paper  target  faces,  (2)  count  of  ammunition  expended  per  run, 

(3)  continuous  recording  of  rounds  fired  at  each  position,  (4)  continuous  recux-u- 
ing  of  bullet  hits  on  each  target,  (5)  maifunctions  occurring  in  the  target  sys¬ 
tem,  (6)  weapon  malfunctions,  and  (7)  conditions  ot  weather  and  light. 


HOLES  COUNTED 

At  the  beginning  of  each  run  the  targets  were  covered  with  paper  faces, 
each  of  which  was  clearly  identified  by  run  number  and  target  number.  The 
faces  were  collected  at  the  conclusion  of  each  run,  and  the  holes  were  counted, 
and  identified  as  internal  or  edge  holes,  since  holes  at  the  edges  might  have 
failed  to  be  counted  by  the  electronic  instrumentation.  Ricochets,  identified 
by  their  characteristically  elongated  holes,  were  noted  but  omitted  from  the 
holes-counted  totals.  Table  £1  Illustrates  this  type  of  record,  and  a  later 
table  summarizes  these  data  for  runs  and  targets. 


ROUNDS  COUNTED 

•  The  second  kind  of  data  were  taken  by  simply  counting  the  issued  ammu¬ 

nition  at  each  firing  position  at  the  start  of  each  run,  and  subsequently  counting 
the  unexpended  ammunition  at  each  position  Immediately  following  the  run  (see 
Table  £2).  A 'summary  for  runs  and  men  firing  appears  in  a  later  table. 

For  flechette  runs  an  observer  actually  counted  the  shots  fired  at  each 
target.  (Ammunition  was  issued  in  8 -round  clips  for  the  Ml,  in  19-rouitd  mag¬ 
azines  for  the  T48,  and  in  15-round  magazines  for  the  carbine.) 


SHOTS  RECORDED 

The  continuous  recording  from  the  Esterline-Angus  recorder  p.x)vides 
a  permanent  record  of  trigger  actions  at  each  firing  positkm.  Figure  El  shows 
an  example  of  trigger-action  records.  Unfortunately,  malfunctions  in  the  trigger 
switch  roechanisms  gave  rise  to  quite  frequent  failure  to  record  rounds  fired, 
so  that  this  contin'j^u*  record  quite  often  yielded  a  lower  total  thaa  the  ammu¬ 
nition  coimt.  However  the  record  did  permit  ascribing  all  thoee  rounda  re¬ 
corded  to  Individual  targets  ol  the  system.  See  App  F  for  adjustment  of  data 
(Tables  F20  to  F36). 
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Fable  El 

Sample  Form  top.  Courj-nr-ir.  TA«f;r  f-rAiii-. 


RUN  36 

23,  I9S6 

Piograai 

Sc'aad  A 

71L14 

Ml  (Triplex) 
Sittioft 

Day  (1305) 

Tajf(c(  no. 

Complete 

bolea 

Ed*e 

bolea 

Total 

holes 

Ricochets 

5 

6 

0 

6 

0 

7 

47 

4 

51 

2 

9 

24 

1 

25 

1 

10 

46 

1 

47 

0 

13 

25 

0 

25 

2 

14 

7 

0 

7 

1 

IF 

0 

0 

0 

0 

16 

1 

0 

1 

0 

18 

8 

0 

8 

0 

19 

17 

0 

17 

1 

20 

64 

3 

67 

1 

2) 

4 

0 

4 

1 

22 

1 

1 

2 

1 

24 

1 

0 

1 

0 

25 

3 

U 

3 

0 

28 

8 

0 

8 

0 

29 

8 

0 

ft 

0 

30 

0 

0 

0 

0 

31 

12 

0 

12 

0 

32 

1 

0 

1 

0 

33 

0 

0 

0 

0 

34 

7 

1 

8 

1 

Tolaln 

290 

11 

301 

It 

Table  E2 

Sample  Form  for  Countimc  Rounds 


AMMOF«mON  AND  WEAPON  IS8CE 

D«l«:  23  VaapM  tjrpai  Ml 

Ti««:  1:15  PM  Firiac  raa:  26  Amm  typ*^  Triplci 


Position 

Maa 

Weapos 

serial 

so. 

Aimaaaitioa 

Issaed 

Retaraad 

F'xpesded 

1 

Spt  Boa  saps 

0542 

160 

77 

83 

2 

Spt  Lopai 

7047 

160 

97 

63 

3 

P*t  Pises 

9801 

160 

02 

78 

4 

Pfc  DsaRce 

6973 

160 

92 

60 

5 

Pvt  La4a«o 

7550 

160 

06 

74 

6 

Spt  Rooay 

3463 

160 

04 

76 

7 

Spt  Bsaasti 

0663 

160 

96 

65 

• 

Sp.3  Chil*-'Oo4 

7349 

160 

109 

51 

9 

Drake 

3971 

160 

02 

70 

10 

Pvt  Cabslebal 

0016 

160 

90 

70 

30  Clips  (•) 

1600 

094 

7«6 

D.  FWi«  r*(«r4*f 


141 


OHO-T-J7I 


CONFIMNTtAl 


CONFIDENTIAL 


_ 


^  ^  T«f*(>d«wn  noil! 
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• 

a 

Fig.  El — Hil  and  Sltot  Topas 
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HITS  RECORDED 

brugh  Recorder.  Th«  continuous  Brush  recorder  hit  record  Is  capable 
of  resolving  multiple  bullet  hits  (from  duplex,  triplex,  and  automatic  ammu¬ 
nitions).  Thus  the  permanent  record  of  the  electrically  recorded  hits  is  capable 
of  dlstiiiguishlns  among  the  single  and  uiulllple  hits  per  trigger  pull,  which 
comprise  the  total  number  of  hits  as  counted  from  the  target  iaces.  (Tables 

Table  K3 

Mechanical  Counter  Record 

Date;  3  jDl)r  Cwalative  reaolveJ  Kit*  (Coanlcr  1)  145 

Tima:  142S  Canwlalive  aartaolved  bita  (Conaler  2)  126 

Riu:  43  .22-cat  Cafhiae  Maaaal-cowii  hita  101 

A.utoaiatic 


Tarjtel 

•eqvAftce 

ladiviJual  tarptet 
reaolved  hita 
(Counter  I) 

ladividaal  target 
aareaoived  hita 
(Coaater  2) 

Target  ao. 

1 

7 

5 

5 

2 

18 

16 

i 

3 

23 

IB 

30 

4 

25 

20 

28 

5 

39 

34 

31 

6 

41 

36 

29 

7 

45 

40 

24 

48 

43 

25 

? 

ol 

46 

19 

10 

71 

66 

20 

11 

77 

72 

16 

12 

82 

76 

21 

13 

104 

88 

22 

14 

110 

94 

18 

15 

112 

96 

34 

16 

113 

97 

33 

17 

114 

96 

32 

18 

122 

106 

10 

19 

IX 

no 

9 

ao 

134 

1)6 

14 

21 

143 

124 

13 

22 

145 

126 

IS 

Sgt  Robt.  H.  Caatael,  Data 

rccordar 

01  to  04  in  App  O  give  multiple  hits  from  these  electrical  records.)  Hit  totals 
fn)m  this  source  were  not  used  as  they  were  seriously  affected  by  roalfutiCtions 
of  the  mechanism.  Tbs  propoillons  of  raultlpls  hits  from  singls  trigger  pulls 
are  reported  in  App  O. 

Veeder-Root  Co\mter.  Two  Vceder-Root  electromechanical  cowtere 
were  incorporated  into  the  hit-recording  circuitry.  Counter  1  had  a  reeolutlon 
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time  of  100  msec,  too  slow  to  distinguish  between  multiple  hits  from  one  round. 
The  resolution  time  of  (Counter  2,  retarded  by  condensers  to  count  only  once 
for  each  S-  or  A-shot  burst  from  the  automatic  weapons,  was  about  600  msec. 
The  differences  are  Illustrated  in  Tabic  E3,  which  is  Lie  record  of  a  .22-cal 
carbine  automatic  run.  Clearly  the  counter  records  include  spurious  counts, 
as  the  run  total  is  44  hits  in  excess  of  the  more  reliable  numual  count.  If  re¬ 
liable,  the  counter  record  implies  that  15  percent  [(145  -  126)/126]  of  all  hits 
were  multiple  hits.  Unfortunately  this  figure  is  probably  biased,  with  a  too- 
large  fraction  of  spurious  multiple  hits. 

Noise  present  In  the  hit-recording  system  affected  the  counters  also. 
Furthermore  the  difficulties  present  In  nuiiually  recording  the  output  of  the 
two  counters  during  the  course  of  a  run  increased  the  number  of  inaccuracies. 
For  these  reasons  these  data  were  not  used  in  adjusting  the  hit  totals. 


MALFUNCTIONS 

A  log  was  kept  of  all  malfunctions  that  occurred  in  the  target -operating 
mechanisms,  shockers,  and  similar  programed  devices.  These  malfunctions 
are  included  in  Table  E4. 

Malfunctions  of  the  individual  weapons  occurred  with  considerable  fre¬ 
quency.  Unfortunately  the  recording  system  Included  no  chronologically  quan¬ 
titative  record  of  these  malfunctions.  Hence  it  was  not  possible  to  uiake  accur¬ 
ate  corrections  to  compensate  for  nonfunctioning  weapons.  However,  the  test 
log  revealed  when  weapon  malfunctions  occurred,  and  rough  adjustment  could 
be  made  for  recognized  failure  cf  a  weapon  to  function  during  specific  target 
appearances . 

The  tabular  qualitative  record  of  weapons  malfunctions  appears  in  Table  E5. 


CONDITIONS  OF  WEATHER  AND  UGHT 

Accidental  and  deliberate  changes  in  concealment,  differences  of  largeL 
color  (some  faces  were  darker  than  others),  and  conspicuous  weather  changes 
were  also  logged  and  are  noted  in  Table  E4.  These,  plus  the  weapons  and  target 
k.omplex  malfunctions,  were  used  as  a  guide  in  adjusting  the  data  (see  App  F). 

The  run  totals  of  rounds  fired  and  hits  from  Table  E4  are  summarized  in 
Table  E6. 


ROUNDS  PER  AUTOMATIC  BURST 

In  order  to  properly  consider  the  approximate  effect  achieved  with  auto¬ 
matic  fire,  it  Is  necessary  to  determine  the  number  of  rounds  fired  per  burst, 
or  per  trigger  pull.  The  instructions  given  to  the  test  tro<>pe  w»re  to  attempt 
to  fire  an  average  of  two  or  three  rounda  per  burst.  Observation  during  the 
conduct  of  the  experiment  Indicated  that  the  discipline  in  reeponee  to  this  in¬ 
struction  was  quite  good.  The  manually  recorded  data  record  only  the  total 
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numbera  of  rounds  e:q}ended  per  run.  In  order  to  determine  tiie  number  of 
rounds  per  burst,  it  is  necessary  to  examine  the  record  of  trigtrer-nwitch 
impulses.  As  the  switches  were  activated  by  the  rifle-bolt  action  rather  than 
the  trigger  action  itseif,  these  records  include  a  count  of  the  actual  number  of 
rounds  fired  on  each  trigger  pull.  Owing  to  the  considerable  inaifurctloning  of 
these  trigger  switches,  the  record  is  not  con:.plete.  However,  inasmuch  as  this 
study  is  ccncemed  only  with  the  average  ratio  of  rounds  per  trigger  pull,  the 
incomplete  record  is  quite  satisfactory.  It  is  reasonably  assumed  ^hat  the  re¬ 
corded  data  are  an  unbiased  sample,  which  will  give  a  good  estimate  of  this 
ratio. 

An  analysis  was  therefore  made  of  the  unambiguously  reported  firing  im¬ 
pulses  from  the  16  runs  of  automatic  fire.  The  total  numbers  of  bui  ^ts  and 
corresponding  rounds  are  shown  in  Table  £7.  The  rounds  per  burst  from  the 
totals  for  each  of  the  six  types  of  fire  are  listed  in  the  right-hand  column.  It 
is  evident  that  the  results  indeed  do  vary  between  the  limits  of  2  and  3  rounds 
per  burst.  For  some  purposes,  it  is  adequate  to  use  an  average  number  of 
rounds  per  burst  for  all  the  automatic  fire.  Table  £7  shows  the  grand  average 
to  be  2.33  rounds  per  burst.  It  is  observed  that  the  carbine  bursts  appear  to 
be  consistently  slightly  longer  than  the  T48  bursts.  It  is  instructive  therefore 
to  indicate  separate  averages  for  the  two  weapons.  These  are  2.07  rounds  per 
burst  for  the  T48,  and  2.63  rounds  per  burst  for  the  carbine. 
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Table  E4 

Holes  Coukteb,  Rounds  CoujrrrD.TA^crr  MALruNcnoNs, 
Design  Chances,  and  IIi:atkeh  Variatiom 


characicfiMlr** 


TilM, 

pr«c*iii*g 


216 

X 

F 

7  S 

— 

45 

— 

24 

218 

X 

F 

lOS 

12  0 

90 

15.0 

25 

221 

F 

— 

7.5 

— 

7.5 

26 

223 

X 

F 

— 

9.0 

21.0 

27 

2« 

F 

13.S 

6.0 

28 

2S9 

E 

12.0 

10.5 

29 

267 

»: 

9.0 

3.0 

30 

269 

F 

n.5 

25.5 

31 

334 

F 

10  s 

7.5 

32 

336 

F 

7.S 

SO 

33 

339 

X 

F 

9.0 

21.0 

34 

*>4»H— Ml»».  tmd  wMikOT  c«i*  (•  c*4e  laMM  !•  par*a<k****  iaSkXn  Ska) 


Uackaakal  MllaaclkaM; 
a  Tat(al  (atlaS  t«  ria* 
k  I  argat  lailaa  M  Bw<a. 
c  TargM  ap  ar  •■aaaf  ima 
S  Aaatkaf  laaRal  af  atMiiaaaaaBlr 
a  BW  la-M  la  {»* 

I  CaacaalaK'a)  k#a«* 
g  C— gaatawk 
k  Fnara  aka<  kaS  ky  rifta 
Taripa  iara  caaa  aff 

I  Taagal  Saw  aarty  <8«ikar  al  aariaSa) 
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Table  E7 


Hol'nds  PEn  Bi:hst  of  Automatic  Pihe 


'Tenpon 

Pooitioa-iilttmination 

enmbioatioD 

Riirata 

RuMida 

No.  of  roanda 
per  boral 

!♦« 

Day  niltinit 

254 

512 

405 

801 

321 

618 

452 

946 

Total 

1432 

2.877 

2.01 

T4« 

Dav  utanciinyK 

3»3 

808 

455 

986 

Total 

aie 

1,794 

2.14 

TM 

Niahl  aittin^ 

392 

817 

313 

676 

T  otat 

705 

1.493 

2.12 

Carbine 

Day  aiUinji 

249 

641 

283 

868 

219 

162 

2ftO 

698 

Total 

1020 

2.669 

2.62 

Carbine 

Day  alandiBK 

550 

1..365 

310 

743 

Total 

HftO 

2.HIH 

2.V5 

Carbine 

Nifthl  ailtins 

391 

1,197 

253 

666 

T  otal 

641 

1,663 

2.89 

Cn'aiid  total 

5499 

12.801 

2.33 
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Appendix  F 
DATA  ADJUSTMENT 

SUMMARY  171 

ADJUSTMENT  OF  HOLES  COUNTED,  EXCEPT  FOR  FLECHETTES  171 

ADJUSTMENT  OF  SHOTS  RECORDED,  EXCEPT  FOR  FLECHETTES  172 

ADJUSTMENT  FOR  FLECHETTES  173 

TABLES 

FI-F19.  Adjustw.nt  cr  Holes  Counted 

FI  Single  Bullets,  Day  SirriNC  174 

F2  Single  Bullets,  Day  Standing  17S 

F3  Single  Bullets,  Nkht  Sitting  176 

F4  IXiPLEX.  Day  SrrnNC  177 

rN-  .  ,  *  n  ^ 

F6  Duplex,  Nkcer  Sittinc  171 

F7.  Triplex,  Day  Scttinc  179 

F8  Carbine  Automatic,  Day  Stitinc  179 

F9.  Carbine  Automatic.  Day  Standing  180 

E'lO  Carbine  Automatic,  Night  Sittinc  180 

Fll  (Luibine  Sem« automatic.  Day  Sittinc  181 

FI 2  Carbine  Scmaitomatic,  Day  Standing  181 

F13  Carbine  SEnuuTOMA'nc,  J^cht  Sittinc  182 

F14  T48  AUTOH.4TIC.  Day  Shtinc  182 

F 15.  T4 8  Autcmatic,  Day  Standing  183 

F16  T4 8  Automatic,  Night  Sittinc  183 

F17  T48  Sewautomatic,  Day  SrmNc  184 

FIB  T48  Scmiautomatk;,  Day  Standing  184 

F19  T4 8  Semiautomatic,  *'4cirT  Sittinc  185 

F20-F38  Ad/ustmlnt  or  Shots  ftcoRDED 

F20  SwcLE  Dn  lets.  Day  Sittinc  185 

F21  Single  Bltlets,  Day  Standing  1M 

F22  SwciE  Bnim,  .'♦cur  SrmNr.  189 

F23  nBPi.rL  Day  Sittinc  190 

F24  CXpLtx  Day  Stanwjic  192 
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F2S  Duplex,  Nicht  Sittinc  1'>3 

F26  TmpLEX,  Day  Sittinc  1V4 

F27  Cahbine  AiTOMATic,  Day  Sittinc  194 

F28.  Carbine  Automatic,  Day  Standing  19S 

F29  Carbine  AirrcwAnc,  >iCHT  Sitting  196 

F30  Carbine  Semiautomatic,  Day  Sitting  196 

F31.  Carbine  ^miautomatic.  Day  Standing  197 

F32.  Carbine  Semi.aitomatic,  Nickt  Sitting  198 

F33.  T48  Automatic,  Day  SirriNC  198 

F34.  T48  Automatic,  Day  Standing  199 

F3S  T48  Automatic,  Night  Sittinc  200 

F36.  T48  Semiautomatic,  Day  Sittinc  200 

F37.  T48  Semiautomatic,  Day  Standing  201 

F38.  Ti8  Semiautomatic,  Nicmr  Sittinc  202 

F39  Reduction  oe  Single-Bullet  Re',sults  for  Comparison  itth  Flecbette 

Results,  Day  Standing  202 

F40.  Reduction  of  Single-Bullet  Results  for  Comparisow  with  Flechette 

Results  Night  Runs  203 

F4l  Swbiary  Results  by  Run  (Adjusted  Data)  204 
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SUMMARY 

In  this  appendix  the  term  “holes  counted”  refers  to  the  raw  data  of  holes 
counted  in  the  target  faces,  and  the  term  “hits  recorded”  refers  to  the  raw 
data  of  hits  electrically  recorded  on  targets.  The  category  “hits  adjusted”  Is 
used  for  the  adjusted  data  after  compensation  for  malfunctions,  etc.  Similarly 
the  category  “rounds  counted”  refers  to  the  raw  data  of  rounds  counted  for  each 
run,  and  the  category  “shots  recorded”  refers  to  the  electrically  recorded  num¬ 
bers  of  trigger  pulls.  The  category  “shots  adjusted”  Is  used  for  the  adjusted 
data  after  compensation  for  malfunctions,  etc. 

The  holes  counted  are  taken  from  Table  E4.  From  run  and  target  totals, 
corresponding  predicted  values  are  computed.  The  raw  value  Is  replaced  by 
the  predicted  value  if  (a)  the  two  differ  by  one  standard  deviation,  and  an  appro¬ 
priate  malfunction  was  recorded,  or  (b)  thetwodifferby  three  standard  deviations. 

The  shots  recorded  are  proportionally  adjusted  to  agree  with  the  rovmds 
counted  for  nm  totals.  Then,  only  for  those  cases  where  hit  adjustment  was 
rnqtde,  TT'T"  wrticnzlly  mcide.  r'irr^.ly , 

predicted  shot  values  are  computed,  and  replace  recorded  values  a^ere  differ¬ 
ing  by  three  standard  deviations. 


ADJUSTMENT  OF  HOLES  COUNTED,  EXCEPT  FOR  FLECHETTES 

It  is  desirable  to  adjust  the  data  to  compensate  for  known  and  suspected 
malfunctions  of  weapons,  targets,  etc.,  for  drastic  changes  in  weather,  and  for 
deliberate  alterations  in  target  characteristics  such  as  reduction  of  the  amount 
ot  concealment. 

After  the  target  column  in  Tables  FI  to  F19  is  the  raw  holes-counted  col¬ 
umn.  The  next  column  shows  a  predicted  value  for  each  datum  based  on  the 
line  and  column  totals  of  the  whole  table  for  holes  counted  for  all  runs  of  tlie 
same  type  of  fire.  This  is  computed  as  follows:  The  sum  of  the  holes  counted 
for  all  targets  In  a  given  run  Is  multiplied  by  the  sum  of  the  holes  counted  for 
all  runs  of  the  same  type  for  a  given  target.  The  product  is  divided  by  the  total 
number  of  holes  counted  for  the  entire  table  (all  targets  and  all  nuis  of  that  type), 
to  yield  the  holes  predicted  for  that  target  and  run.  The  standard  deviation  a 
Is  computed  for  each  line  of  holes  counted  (for  each  target). 
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The  raw  hole  count  for  a  target  is  rejected  for  either  of  the  following 
reasons:  (a)  there  is  a  known  malfunction,  weather  char<ge,  or  deliberate  de¬ 
sign  change,  and  the  holes-counted  value  is  different  from  Uie  holes -predicted 
value  by  more  tluu;  one  standard  deviation;  or  (b)  tiie  notes -counted  value  is 
different  from  the  holes -predicted  value  by  more  than  three  stai.dard  devia¬ 
tions.  (This  is  intended  to  eliminate  data  affected  by  malfunctions  of  which  no 
record  was  made.) 

The  final  column  of  hits  adjusted  for  each  run  is  composed  of  the  same 
values  as  the  original  raw  holes  coxmted  except  where  rejections  occurred  for 
the  given  rea.Hons.  Whenever  the  raw  value  was  rejected  the  predicted  value 
is  substituted  in  forming  the  hlts-adjusted  column.  Such  changes  were  made 
185  out  of  a  possible  1452  times;  i.e.,  13  percent  of  the  hit  data  uas  adjusted. 


ADJUSTMENT  OK  SHOTS  RECOHDED,  EXCEPT  FOR  FLECHETTES 

The  electrically  recorded  shot  record  (trigger  pulls)  provides  the  only 
data  showing  the  apportionment  of  shots  to  each  target.  However,  the  total 
shots  recorded  were  often  different  from  the  total  rounds  counted  for  each  run 
because  of  recording  malfunctions. 

It  is  desirable  to  adjust  the  totals  of  the  shots -re corded  values  for  the 
different  targets  of  a  single  xun  to  equal  the  appropriate  rounds -counted  totals, 
retaining  their  relative  values  or  ratios  for  each  target.  Moreover,  it  is  de¬ 
sirable  to  correct  for  the  same  malfunctions  and  w'eather  and  design  changes 
that  were  used  to  adjust  the  holes  counted.  (Correction  for  particular  malfunc¬ 
tions  of  the  shot -recording  equipment  cannot  be  done  because  there  was  no  re¬ 
liable  means  of  identifying  such  malfunctions.)  This  Is  accomplished  <0  Tables 
r2u  to  r  38,  where  the  raw  shots  recorded  are  shown  after  each  target  number. 

The  first  operation  performed  is  the  change  of  each  shots -recorded  value 
proportionally  to  bring  the  total  to  equal  (within  rounding  errors)  the  actual 
rounds  counted. 

The  ne.xt  column  shows  the  change  of  each  item  proportional  to  the  change 
made  from  holes  counted  to  hits  adjusted  for  the  corresponding  target  and  run 
of  Tables  FI  to  F19.  This  takes  into  account  the  adjustments  made  for  mal¬ 
functions  and  weather  and  design  changes.  Such  changes  were  made  In  155  of 
1452  possible  cases;  i.e.,  for  11  percent  of  the  d^ta.  This  value  Is  lower  than 
that  lor  htt;  b-ccucc  30  cf  thc  shots-icwiued  iiems  inai  would  nor¬ 

mally  have  been  changed  were  zero,  and  therefoie  did  not  change. 

Next  a  predicted  value  is  computed  using  the  line  and  column  totals  for 
the*  whole  table  of  the  data  as  adjusted  so  far  (all  targets  and  all  runs  of  the 
same  type  of  fire).  As  before,  the  predicted  value  Is  computed  by  multiplying 
the  sum  of  the  adjusted-to-total-rounds-counted  values  in  a  given  column  by 
the  sum  of  those  for  a  given  line  (target)  and  dividing  by  the  total  for  the  whole 
table.  This  yields  the  shuts -predicted  value  for  the  given  line  and  column  (tar¬ 
get  and  run).  The  standard  deviation  o  is  computed  for  each  row  of  adjuated- 
to-total-rounds-counted  data  (for  each  target). 
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To  eliminate  unrecorded  malfunction  effects,  all  Items  are  rejected  where 
there  is  a  difference  between  the  adjusted  values  and  the  predicted  values  of 
(greater  than  three  standard  deviations.  There  were  36  such  changes,  none  of 
which  coincided  with  the  155  changes  corresponding  to  hit  adjustments.  Thus 
191  changes  cut  of  a  possible  1452  were  made,  or  13  percent  of  the  shot  data 
was  adjusted.  By  coincidence  this  is  the  same  as  the  percentage  of  hit  data 
adjusted. 

The  final  column  of  shots  adjusted  for  each  run  is  composed  of  the 
adjusted -to -total -rounds -counted  values  except  where  rejections  occurred. 
V/herever  the  adjusted  value  was  rejected  the  predicted  value  was  substituted 
in  forming  the  shots -adjusted  column. 

No  special  treatment  was  given  to  zero  values  for  raw  shots  recorded. 
Proportional  adjustments,  of  course,  left  them  stilt  zero.  As  with  other  num¬ 
bers,  the  zero  was  used  in  the  final  shots -adjusted  column  unless  It  differed 
by  more  than  three  standard  deviations  from  the  predicted  value,  in  which  case 
the  predicted  value  was  substituted. 

In  Tables  FI  to  F38  are  all  the  raw  and  the  adjusted  data  (except  for 
flechettes)  broken  down  by  weapon,  visibility,  firing  position,  and  target. 


ADJUSTMENT  FOR  FLECHETTES 

In  comparing  the  two  flechette  runs  (one  day-standing  run  and  one  night- 
standing  run)  with  corresponding  single-bullet  runs,  the  single-bullet  informa¬ 
tion  must  be  balanced  with  that  of  the  ilechette.  The  single-bullet  runs  used 
22  targets  with  a  standard  program.  Run  69,  the  flechette  day-standing  run, 

crJy  19  targets,  and  4  d  Uiuse  appeared  for  only  hail  the  normal  program 

time. 

Table  F39  shows  the  shots -fired  information  equated  to  the  total  adjusted 
ammunition  count  of  2824.  The  second  column  shows  the  total  shots  fired  per 
target  for  the  four  slngle-boilpt  day-standing  nms.  The  fourth  column  shuwB 
the  second-column  Information  adjusted  to  balance  with  run  69,  the  one  flechette 
day-standing  run.  Targets  7,  10,  20,  and  31,  which  were  up  only  half  the  nor¬ 
mal  time,  actually  had  approximately  half  the  number  of  shots  fired  at  them 
In  that  time.  Similarly,  the  last  column  shows  the  balanced  target-holes 
information. 

Table  F40  follows  a  similar  pattern  in  balancing  the  four  single-bullet 
night -sitting  runs  against  run  70,  the  one  flechette  night-standing  run. 

Table  F41  summarizes  the  adjusted  hits  and  rounds  fired  by  run. 
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ADJUSTMENT  OF  SHOTS  KECIJKDED,  TS«  AUTOMATIC,  NIGHT  SITTING 
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ADJUbTMFNT  OF  SHOTS  RECORDF.D.  T4i*  StMlAUTOMATIC.  NIGHT  SITTING 
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REDUCTION  OF  SINGLE-BULLET  RESULTS  FOR  COMPARISON 
WITH  FLECHETTE  RESULTS.  DAY  STANDING 
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fB«>ai  at  imair-  itf  ahuta  flrtaJ  i«*r  taf'fH  i»ar  r«a  for  ratfular  larftn  ntiAaurr  Uinv 
'’for  tSa  al».ftv  fIrclkHIr  dav  atafklirNl  rua  UrgHa  32,  33,  acid  3a  wara  mA  uaarf 
Tarfcda  7,  |0,  ?o.  aad  31  a«*ra  wp  onlir  half  fral  lima,  and  laritH  13  flippad  «»yar 
jnd  waa  anr  firad  4>a.  Aaaumirv  a  1V|  aar  l»mc  Ian  lha  ad)aatinant  for  Vf  a«|MMare 
liiaa  la  a  3»Mlr  31. 

^  rKa  avarana  tha  a<i|tAa1ad  %aa«4ia  fut  IK«  aifig^r  bullal  day  alandinc  mna 
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REDUCTION  OF  SINGLE-BUtLET  RESULTS  FOR  COMPARISON 
WITH  FLECHETTE  RESULTS.  NIGHT  RUNS 
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of  iho(g  fired  per  ttrKCl  per  mn  for  re|{uigr  terget  expoture  time, 
ror  the  elnfle  flech^te  niftht-iUndinx  run  70,  tirfetg  25,  2(1,  end  27  were 
nut  uged.  Targelg  1.  8.  L'l,  end  20  were  up  only  half  norma!  time.  AaeuminK  a  P/|- 
gec  time  Uk.  Uw  adfuntment  for  %  expogure  Urr.e  la  <•  3iA24-3L 

^The  average  nf  the  ad]ugted  vglueg  for  the  glngle-bull«l  alg;ht«glUlng  nine  (there 
were  no  nighi-gtaodlng  glafcle> bullet  runai. 
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Tabli  F41 

SUVMAHY  RESULTS  BY  RUN  (ADJUSTED  DATA) 


— 

Squsd 

AninuAitloB 
or  firing 

A 

B 

C 

D 

1 

_ ? _ 1 

F 

l!un 

1  RoubJ] 
”“*j  flr«! 

Hull 

.  ! Rounds! 
”•“(  Ur^ 

Bus 

m 

BouLds 

flrsd 

Hub 

HIU 

Rounds 

flrsd 

Riaa 

Bus 

HIM 

Rounds 

flrnd 

Stogie  buJiH 

Day 

1 

81 

S40 

3 

108 

483 

34 

116 

537 

36 

71 

465 

45 

200 

872 

67 

100 

647 

■  lUiac 

:» 

IS? 

627 

n 

132 

576 

56 

M 

671 

60 

121 

706 

... 

... 

Day 

s 

78 

SSI 

— 

36 

100 

625 

-- 

a. 

-a. 

.. 

— 

atsndinf 

:> 

117 

767 

— 

— 

— 

62 

99 

714 

— 

— 

— 

... 

.a. 

— 

— 

Nlfht 

— 

7 

S6 

800 

— 

40 

28 

874 

a. 

a. 

— 

slttiag 

— 

31 

42 

650 

04 

63 

788 

.. 

— 

DuF)l**t 

Day 

186 

492 

4 

158 

467 

33 

154 

465 

35 

123 

438 

86 

278 

789 

68 

158 

586 

Slttiag 

— 

— 

— 

— 

57 

214 

572 

59 

201 

701 

- 

- 

— 

— 

— 

— 

Day 

8 

162 

7l» 

— 

27 

193 

053 

a* 

ttaiidlec 

— 

— 

- 

— 

— 

— 

61 

146 

«31 

— 

— 

— 

Nlfbt 

— 

— 

— 

6 

44 

676 

— 

— 

— 

39 

41 

491 

slttlsg 

— 

— 

— 

— 

— 

— 

— 

— 

63 

113 

950 

Tri  ple\ 

Day 

allUnf 

26 

30* 

750 

26 

176 

369 

— 

— 

— 

— 

— 

— 

Carbine 

Day 

■em  isutomstic 

alttiat 

13S 

756 

17 

177 

633 

44 

182 

724 

42 

179 

611 

Day 

aUadtag 

NIghi 

- 

- 

- 

21 

213 

1053 

- 

- 

- 

48 

139 

777 

sluiim 

23 

45 

1140 

— 

— 

— 

44 

13 

892 

— 

— 

— 

Carbirw 

Oajr 

sutomihc 

sitting 

Day 

20 

106 

1601 

18 

173 

900 

43 

102 

1069 

4* 

^9 

6' 3 

atandlni 

NlglM 

ai» 

22 

180 

1829 

-a. 

«» 

45 

69 

928 

stnirg; 

24 

26 

1473 

— 

— 

— 

47 

32 

1249 

— 

— 

— 

T48 

Day 

aefliistttonistlc 

anting 

11 

848 

9 

Ill 

480 

52 

130 

041 

50 

146 

649 

Day 

aUadiBg 

Night 

- 

- 

- 

13 

131 

762 

- 

- 

- 

54 

109 

m 

alliing 

18 

85 

770 

— 

— 

— 

56 

63 

859 

T4« 

Day 

•utoniBtic 

Bitting 

22 

104 

1058 

10 

88 

758 

51 

99 

1020 

49 

92 

852 

Day 

attndlng 

Night 

- 

- 

- 

14 

91 

918 

- 

- 

- 

53 

59 

irs 

SlUll^ 

it 

78 

1460 

55 

5« 

1036 

— 

?04 
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SUMMARY 

The  hit  probabilities  for  ai)  six  squads  [including  the  so-called  expert  (E) 
and  unqualified  (F)  squads]  were  compared.  As  expected,  Squad  E  is  superior 
to  all  others  and  Squad  F  is  inferior.  Analysis  of  the  four  ‘‘average*  squads 
shows  Squad  B  superior  in  hit  probability  and  Squads  A,  C,  and  O  similar  to 
each  other. 

Similar  comparisons  for  total  hits  instead  of  for  hit  probabilities  show 
Squad  E  superior;  Squads  A,  B,  C,  and  F  similar;  and  Squad  O  inferior. 

The  over -ail  conclusions  about  the  squads  are  that  Squad  E  fired  more 
rapidly  and  more  accurately  than  the  others;  that  Squad  F  fired  more  rapidly 
but  less  accurately  than  the  others;  that  Squad  B  fired  less  rapidly  but  more 
accurately,  and  Squad  D  fired  as  accurately  but  slower  than  the  other  average 
squads. 

The  average  hit  probabilities  for  the  various  squads  and  the  known  com¬ 
position  of  the  squads  In  terms  of  number  of  experts, sharpshooters,  marksmen, 
and  unqualifleds  were  used  to  determine  relative  ratings  for  each  of  these  marks¬ 
manship  categories.  The  technique  used  was  a  least-squares  best  solution  of 
six  simultaneous  equations.  It  was  found  that,  for  hit  probabilities,  if  the  ex¬ 
pert  rifleman  is  rated  at  100,  a  sharpsho'jter  is  88,  a  marksman  75,  and  un¬ 
qualified  43. 


HIT  PROBADIUTY  BY  SQUAD 

Table  G1  shows  Lhe  hit  probabilities  for  the  seven  sets  of  runs,  which  are 
of  the  same  type  for  the  four  average  squads.  These  hit  probabilities  are  the 
ratios  of  hits  to  rounds  fired  taken  directly  from  Tables  E6  and  F4t.  The 
prime  entries  are  adjusted  data  (from  Table  F41);  the  parenthetical  entries 
are  raw  data  (from  Table  E6).  All  entries  arc  from  the  day-sitting  firing  con¬ 
dition.  The  mean  hit  probabilities  of  Squads  A,  C,  and  D  are  all  the  same,  10 
percent.  Squad  B  is  superior  with  a  hit  probability  of  22  percent.  The  tech¬ 
nique  of  analysis  of  variance  reveals  a  statistic  P  value  erf  2.2  (adjusted  data) 
or  2.3  (raw  data).  These  values  from  appropriate  statistical  tables  yield  s 
significance  level  of  about  14  percent.  This  means  that  the  differences  among 
the  mean  hit  prohubiluies  of  Table  Gt  could  occur  by  chance  about  14  percent 
of  the  time.  It  might  roughly  be  said  that  to  an  16  percent  confidence  level 
Squad  B  ts  really  better  than  Squads  A,  C,  and  O.  bi  any  esse,  relative  hit 
probabtlitles  of  .219/. 191  ■  t.lS  is  the  best  estimsi**  for  Squad  D. 

Table  02  shows  hit  probabilities  for  all  14  sets  of  runs  which  are  com¬ 
parable  (balanced)  for  Squads  A  and  C.  The  diXferaace  between  Squads  A  and 

0«0-T.37|  2*7 
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Tablk  G1 


Average  Squad  Hit I^ob abilities  (Hay  Sitting) 


Anuiiaaitioa 

Sqaad* 

firiaft 

A 

11 

C 

D 

Si^le  bullet 

.169<.I48) 

.224(.223) 

.205(-204) 

.1601.168) 

.190(.212) 

.229(.241) 

.191(.198) 

.1711.181) 

Duplex 

.337(.337I 

.338<.362) 

.3181.315) 

.2811.277) 

Cwbiae 

AatoaiBtic 

.096(,106) 

. 1201.112) 

.0951.095) 

.1151.136) 

Seauautoatatic 

.I78(.l78) 

.280(.278) 

.2511.240) 

.2931.266) 

T48 

Aatomatic 

.098(.097) 

.113(.I34) 

.0971.093) 

.1081.112) 

Semieutomiitic 

.243<.243) 

.2311.230) 

.2001.199) 

.2221.206) 

Meaa 

.187(.189) 

.2I9(.221) 

.1941.192) 

.1931.192) 

*V*Uea  IB  parcBtheaea  ara  from  raw  data. 


Table  G2 


Comparison  or  Squad  A  and  Squad  C  Hit  Probabilities 


AaMBUBiliaa 

Fir  lag 

Sqnad* 

(iriag 

coaditioa 

A 

C 

C  -A 

Siaple  bullet 

Day  ailliag 

.1691.148) 

.2051.204) 

.0361  .056) 

Day  ailliag 

.1901.212) 

.1911.198) 

.001U014) 

Duplex 

Day  aittiag 

.3371.337) 

.3161.315) 

-.019(-.022) 

Carbine 

Aatomatic 

Day  ailliag 

.0961.106) 

.0951.095) 

-.001^.011) 

Scmiantomatic 

Day  aittiag 

.1781.178) 

.2511.240) 

.0731  .062) 

T48 

Aalonatir 

Day  aittiag 

.0961.097) 

.0971.093) 

-,0011-.004) 

Semiaaioiaetic 

Day  aittiag 

.2431.243) 

.2001.199) 

-.0431-,044) 

Single  ballet 

Day  alaadiag 

.1421.140) 

.1741.162) 

.0321  .022) 

Day  ataadiag 

.1531.145) 

.1391.141) 

-.0141-^002) 

Duplex 

Day  ataadiag 

.2531.285) 

.2961.295) 

.0431  .010) 

Carbiaa 

Aatomatic 

Nigbt  aittiag 

.0181.018) 

.0861.026) 

.0061  .006) 

Scmiaateeiatic 

Nigbl  ailliag 

.0891.041) 

.0191.021) 

-,0201-,020) 

T48 

Aatoawtic 

Nigbt  aittiag 

.0511.052) 

.0561.054) 

.0051  .002) 

Semiaatoemtic 

Meaa 

Nigbt  aittiag 

.1091.109) 

.1481.151) 

.0951.096) 

.1541.’54) 

-.01 41 -.01 3) 

'Valaaa  ia  paraatbaaaa  are  Irem  raw  data. 
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C  li  clearly  trivial.  However,  it  ia  instructive  to  apply  the  (  test  to  the  null 
hypothesis  (that  they  are  not  different).  This  requires  computation  of  the 
standard  deviation: 

-  1)  IKC  -  A)^  -  (£(C  -  A)]*/n\  (Gl) 


From  Table  G2,  n  is  14,  and  .  0.00814  (0.00773). 

The  statistic  i  is  given  by 

<  -  C  -  A/o^  (G2) 

whence  t  -  0.75  (0.28).  As  in  the  tables,  the  parenthetical  value  is  from  raw  data. 


Table  G3 


Comparison  of  Souao  B  and  Squad  D  Hit  PROSASiLrnES 


Ammunitioa 

Firiag 

Sqoad* 

or 

(irinj; 

coaditioa 

B 

D 

B-D 

Siaftle  bullet 

Day  aittiag 

.224(.223) 

.160(.168) 

.064(  .055) 

Day  aittiag 

.229(.241) 

.171(.l81) 

.0S8(  .060) 

Daplex 

Day  aittiag 

.338(.362) 

.281  (.277) 

.057(  .085) 

Carbiae 

Aatonatic 

Day  aittiag 

.120<.112) 

.)  15(436) 

.005(-^024) 

Samiaatmaetic 

Day  aittiag 

.280(.278) 

.293(.266) 

-.013(  .012) 

T48 

Aatanatic 

Day  aittiag 

.113(.104) 

.106(412) 

.005(-^COe) 

SemiaataaMtic 

Day  aittiag 

.231(.230) 

.222(.206) 

.009{  .024) 

Siagle  ballet 

Nigbt  aittiag 

.093(.0e6) 

.03(K.030) 

.063(  .056) 

Night  aittiag 

.044(.043) 

.05S(.052) 

-.011(^009) 

Daplex 

Night  aittiag 

.06S(.065) 

.0e4(.078) 

^0)9(-.013) 

Carbiae 

Aatoaatic 

Day  ataadiag 

.oe7(.oe6) 

.064(.060) 

.023(  .026) 

Semieut  emetic 

Day  ataadiag 

.2041.205) 

.179(.179) 

.025(  .026) 

r48 

Aatomatic 

Day  ataadiag 

.0W(  '^) 

.046(.049) 

.053(  .050) 

ScBieatoaMitic 

Maea 

Duy  ataadiag 

.172(473) 

.164(.165) 

.135(.139) 

.139(.138) 

.037(  .034) 

*V«lara  ia  paraatiias**  are  froa  raw  data. 


From  tables  of  i  for  13  degrees  of  freedom,  the  significance  level  of  the 
difference  between  Squads  C  and  A  is  47  percent  (adjusted)  or  71  percent  (raw). 
This  means  that  the  snoall  differences  between  the  mean  hit  probabilities  of 
these  two  squads  could  occur  by  chance  about  half  the  time  or  more.  It  is  con¬ 
cluded  that  the  null  hypothesis  is  neither  proved  rcr  disproved,  and  Sqimds  A 
and  C  are  as  likely  to  be  the  same  as  not.  In  any  case,  the  4  percent  relative 
difference  in  mean  hit  probabilities  is  trivial  for  practical  purposes.  This  study 
concludes  that  the  mean  values  are  valid  to  two  significant  figures,  and  both 
squads  score  15  percent  mean  hit  probability  for  these  comparative  runs. 

Table  G3  shows  hit  probabUltles  for  the  14  sets  of  nins  that  are  compar¬ 
able  for  Squads  B  and  D.  The  difference  in  mean  hit  probabilities  is  10.4  per¬ 
cent  as  compared  with  13.8  perceik,  which  seems  considerable.  Using  Eqs. 
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G1  and  G2  again  for  Squada  B  and  O,  the  standard  deviation  is  computed: 

»  0.0080  (0.0086),  suid  t  «  3.2  (3.1).  This  large  value  of  t  would  satisfy 
the  null  hypothesis  (no  difference  between  Squads  B  and  D)  less  than  1  percent 
of  the  time  by  chance.  This  study  concludes  that  Squad  B  is  superior  to  Squad 
D  in  hit  probability  with  better  than  99  percent  confidence.  The  best  estimate 
Is  further  that  tlie  hit  probability  of  Squad  B  is  1.18  times  the  hit  probability 
of  Squad  D. 

Table  G4 


Hit  PnoBABJUTY  or  All  Six  Scuads  (Day  Sitting) 


Ammaaitioo 

Sqaad* 

A 

1  ^ 

C 

0 

E 

F 

SiafiU  ballet 
Duplex 

.169(.148) 

.337(.3.17) 

.244(.223) 

.3384.362) 

.205(.2(t4) 

.3184.315) 

.164K.168) 

.2814.277) 

.2294.233) 

.3594.375) 

.1554.153) 

.2664.257) 

Mean 

.2534.242) 

.2814.292) 

.2624.259) 

.221  (.222) 

.2944.34)4) 

.2114.205) 

*VaUea  ia  paraatlieaaa  are  from  raw  data. 


Fable  G5 

CxwPARisoN  or  Squads  F.  avd  F  and  Hit  pHOBAUiLmK.s  (Day  Sitting) 


.Aounuailioe 

Sqaad* 

ACD 

c  1 

"  ! 

E-^CO 

1  ACD - F 

Sialic  ballet 

.1784.173) 

.2294.233) 

.1554.153) 

.0614.060) 

.0234.020) 

Duplex 

.3124.310) 

.3594.375) 

.2664.257) 

.0474.063) 

.0464.053) 

Mean 

.2434.242) 

.2944.  .iM) 

.2114.205) 

.0494.063) 

.4B5(.037) 

“Vataaa  >B  paraatheaaa  are  from  raw  data. 


Table  G4  shews  hit  probabilities  1‘or  the  only  two  sets  of  runs  tnat  are 
comparablti  for  all  six  squads.  These  are  the  hit  probabilities  for  the  first 
single -bullet  (AP)  day -sitting  run  by  each  squad.  Squads  A,  B,  C,  and  D  made 
a  second  run  of  this  type,  but  Squads  E  and  F  made  only  one  single-bullet  run 
each.  Hence  Table  G4  shows  all  the  balanced  comparisons  that  can  be  made 
involving  all  six  squads.  Based  on  so  few  data,  thb  smaller  differences  in  mean 
hit  probabilities  are  not  significant.  Squad  E,  composed  largely  of  expert  rifle¬ 
men,  is  superior,  and  Squad  F,  composed  largely  of  unqualified  or  low  qualified 
riflemen,  is  inferior.  The  data  on  Squads  A,  B,  C,  and  D,  that  appear  in  Tatle 
G4  are  included  In  I'ables  Gl,  G2,  and  G3;  therefore  the  more  reliable  conclu¬ 
sions  already  reached  about  those  squads  are  not  altered. 

Since  Squads  A,  C,  and  D  were  found  to  be  essentially  the-'  same  in  hit 
probability,  they  constitute  a  r^tsonahie  basis  of  cemparison  for  Squads  E 
and  F.  These  comparisons  are  made  in  Table  G5,  using  the  mean  of  Squads 
A,  C,  and  D,  designated  ACD.  The  etandhird  deviations  are  first  computed: 

^ F.-ACn*  0.(X)20  (0.0025),  Oic.D-F  *  0.0115  (0.0165).  The  correeponding  i  values 
are:  ifITTTi  •  24.5  (25.2),  ■  3.00  (2.24).  The  t  tables  for  a  single  degree 
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of  freedom  yield  significance  levels,  respectively,  0.03  (0.03)  and  0.20  (0.26). 
This  means  that  to  a  97  percent  confidence  level  Squad  E  is  really  superior  to 
ACD  in  hit  probability,  but  only  about  80  percent  confident  that  Squad  F  is 
really  inferior  to  ACfi.  J^e  best  relative  estimates  are  still  given  by  the  mean 
values  of  Table  G5:  E/ACD  «  1.20  (1.26),  and  F/XCJ5  «  0.86  (0.85). 

Finally,  from  all  the  comparisons,  the  relative  hit  probabilities  (shown 
In  Table  G6)  among  all  six  squads  are  deduced  (^^  taken  as  unity).  Adjusted 
rather  than  raw  values  are  used  in  this  table,  but  clearly  the  effect  of  adjust¬ 
ment  is  minor.  The  superiority  of  Squad  E  over  Squad  B  is  apparently  trivial 
and  not  statistically  significant. 


Table  G6 

Relative  Hit  Probabilities  of  Socacs 


Squad 

Probubilit)' 

Squad 

Probability 

A 

1.00 

1) 

1.00 

B 

I.IB 

E 

1.20 

C 

1.00 

F 

0.8A 

TOTAL  HrrS  BY  SQUAD 

Total  hits  per  non  are  considered  In  just  the  same  manner  as  hit  proba¬ 
bilities.  The  same  runs  already  compared  in  Tables  G1  to  G6  are  now  exam¬ 
ined  for  total  hits  per  run  in  Tables  G7  to  G12. 

Table  G7  shows  Squad  A  superior  (140  hits)  and  Squad  D  inferior  (113  hits) 
to  Squads  B  and  C,  which  are  about  the  same  (125  hits).  These  differences  are 
tested  by  computing  the  statistic  F  for  the  array.  Computation  yields  an  F 
value  of  i.34,  which  implies  a  significance  level  of  about  36  percent.  This 
means  that  the  observed  differences  among  the  meaii  hits  by  squads  could 
occur  by  chance  about  36  percent  of  the  time.  This  means  that  the  differences 
so  far  aiiown  (Table  G7)  are  only  slightly  more  likely  to  be  real  than  random. 

Squads  with  more  comparable  data  are  now  compared.  Squads  A  and  C 
are  compared  in  Table  G8.  This  table  shows  Squad  A  to  be  superior  in  hits 
in  the  ratio  1.10(1.07).  The  standard  deviation  of  the  mean  difference  c  jZc  - 
8.90(8.32).  This  yields  a  statistic  i  »  1.12(0.84).  This  corresponds  to  a  sig¬ 
nificance  level  of  about  0.47(0.56).  In  other  words  there  is  about  a  50-50 
chance  that  Squads  A  and  C  are  really  different  in  hits  per  run. 

Table  G9  shows  a  larger  difference  between  Squads  B  and  D,  a  ratio  of 
1.29(1.21).  The  standard  deviation  of  this  difference  *  9.22(7.07).  The 
statistic  t  *  2.73(2.81).  The  corresponding  significance  level  is  0.22  (  0.22) 
or  to  a  78  percent  confidence  level  this  difference  Is  real. 

Table  GIO  compares  all  six  squads.  Among  the  four  average  squads,  it 
shows  A,  B,  and  C  about  the  same,  and  D  inferior.  Squad  F  appears  also  quite 
similar  to  A,  B,  and  C,  but  E  seems  definitely  superior  to  all  others.  Consid¬ 
ering  all  the  comparisons  of  Tables  G7  to  GIO,  it  Is  concluded  that  Squads  A, 

B,  and  C  score  the  same  number  of  hits  per  nm,  and  that  Squad  D  is  inferior. 

It  is  further  obvious  that  Squad  F  (128  hits)  Is  not  significantly  different  from 
the  average  A8C  (131  hits). 
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Tablk  G7 


Average  Squad  Total  Hits  (Day  Sitting) 


Aamanitioa 

S<faad* 

or 

firiBK 

A 

B 

C 

D 

Sinffla  ballet 

91(  90) 

106(105) 

110(111) 

7l(  81) 

1571157) 

132(1441 

90(100) 

121(120) 

Duplex 

166(166) 

158(170) 

154(159) 

123(132) 

Carbiae 

Auloaiatic 

173(179) 

106(114) 

102(106) 

59{  86) 

Semiautonatic 

135(135) 

177(178) 

182(184) 

179(171) 

T*8 

.Automatic 

104(102) 

86(  86) 

99(103) 

92(  86) 

Semiautonatic 

157(14.5) 

IIK  97) 

130(140) 

144(127) 

Meaa 

140(139) 

126(128) 

124(129) 

113(115) 

■Valnca  ia  pwealbcaaa  arc  from  raw  data. 


Table  G8 

Comparison  of  Total  Hits  of  Squad  \  and  Squad  C 


Ammunition 

Firian  ! 

Squad* 

or  firian 

condition 

A 

c  1 
^  1 

A  C 

SiBRle  bullet 

Oar  aittiapt 

91(  90) 

110(111) 

-19<-21) 

Day  aittioK 

157(157) 

90(100) 

67(  57) 

Duplex 

Day  aittiatt 

166(166) 

154(159) 

12  (  7) 

Carbine 

Aatomatic 

Day  aittiapt 

173(179) 

102(106) 

71(  73) 

Semiaatomatic 

Day  aittiaft 

135(13.5) 

182(184) 

47(  49) 

T48 

.Aatomatic 

Day  aittiait 

104(102) 

99(10.3) 

5(-  1) 

Seniaat  emetic 

Day  'ittinK 

157(148) 

130(140) 

27(  8) 

Siagla  Bellat 

Day  ataadiait 

7R(  81) 

109(110) 

-31  (-29) 

Day  ataudintt 

117(106) 

99(103) 

18(  5) 

Duplex 

Day  ataadinK 

182(190) 

193(187) 

-IK  .3) 

Carbine 

Aatomalir 

\inht  aittiuK 

26(  26) 

32(  23) 

-  6(  3) 

Samiaat  emetic 

V[|(ki  ailtiaft 

45(  42) 

13(  17) 

32(  25) 

r48 

Automatic 

\iabl  aittian 

76(  75) 

SRI  59) 

18(  16) 

.Semiautomatic 

Mean 

Aiflit  aitties 

Br.(  85) 

1)4(113) 

83(  82) 

104006) 

.3(  .3) 

*\ala«a  ia  parcathaaca  ara  horn  raw  data. 
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Table  G9 

COMPAOtsoN  OF  Total  Hits  or  Sol  ad  B  and  Sol’ac  B 


Ammunition 

Firing 

Squad* 

or  firing 

coaditioa 

B 

1 

B-D 

Single  bullet 

Da)!  aitting 

108(105) 

71(  81) 

37(  24) 

Day  aitting 

132(144) 

121(120) 

11(  24) 

Duplex 

Day  aitting 

158(170) 

123(132) 

3S(  38) 

Carbine 

Nn.umatic 

Day  aitting 

108(114) 

59(  86) 

49(  28) 

S«Tiiiau(umatic 

Day  aitting 

177(178) 

179(171) 

-  2(  7) 

r48 

Automatic 

Day  aitting 

86(  86) 

92(  86) 

-6(  0) 

Semiautomatic 

Day  aitting 

IIU  97) 

144(127) 

-33(-30) 

Single  bnlirt 

Night  aitting 

.%(  S3) 

26(  27) 

.30<  26) 

Night  aitting 

42(  41) 

42(  45) 

(K-  4) 

LupUlL 

Night  aitting 

44(  44) 

41(  43) 

3(  1) 

(..arbine 

Automatic 

Day  atanding 

160(142) 

59(  66) 

lOK  76) 

Sc  I  oauloniat  c 

Day  atanding 

213(202) 

119(145) 

74(  57) 

Autoti'otic 

Day  atanding 

91(  91) 

59(  68) 

32(  23) 

oomiautomuic 

\U  n 

Day  atanding 

131(127) 

116(114) 

109(118) 

90(  94) 

22(  9) 

*Vslu<Mi  ir  '>arenlScaea  are  from  raw  data. 


Table  GIO 

Total  Hits  or  All  Six  Squads  (Day  Srrrwc) 


Anvn  laircMi  i 

o- 

Sqm 

id* 

■ 

_ 1 

B 

C 

D 

F 

F 

'iirgl  bnllei 

91(  90) 

100(105) 

110(111) 

71(  81) 

200(202) 

100(105) 

Duolni 

166(1 '6; 

1.^8<170) 

154(159) 

12.3(132) 

276(292) 

156(160) 

Menu 

129(128) 

133(138) 

132(135) 

97(107) 

238(246) 

128(133) 

‘Valova  II  par'at)<eaea  aia  from  raw  data. 


Table  Gil 

Gohpaiiison  nr  total  Hits  of 
S-ji  AD*  E  A.in  F  AND  4Hd  (Day  Simna 


AuiXiu'.ition 
or  firiac 

J 

Sqaad* 

<BC 

K 

F 

TSc-  F 

Single  bullet 

1081102) 

200(202) 

100(105) 

97(100) 

3(-3) 

Duplex 

1.59(165) 

276(292) 

156(160) 

117(127) 

3(  5) 

Meaa 

131(134) 

238(246) 

128(133) 

^Vaik*a  a  oarcolJirart  arw  from  raw  data 
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Table  Gil  compares  Squads  E  and  F  with  the  average  ABC  .  Squad  E  is 
clearly  superior  to  ABC  in  the  ratio  1.82(1.84);  F  Is  essentially  the  same 
(ratio  0.98).  The  standard  deviation  Oi.  _'abc  -  (13.5).  The  corresponding 

i  *  7.95(8.67).  For  a  single  degree  of  freedom  the  corresponding  signlilcance 
level  is  0.08;  or  92  percent  confidence  that  Squad  E  Is  superior  to  ABC  . 

The  comparison  of  Squad  F  with  ABC  yields  o  ^ ^c-T  =  0  (4)i  *  =  **  (0.25). 
The  corresponding  significance  level  is  0(0.84).  The  adjusted  data  for  the  two 
comparisons  agree  perfectly;  hence  the  test  concludes  that  the  small  measured 
difference  is  absolutely  real.  The  raw-data  test,  however,  reveals  that  the  dif¬ 
ference  observed  could  occur  by  chance  75  percent  of  the  time.  Clearly  this 

Table  G12 


Relative  Total  rtrs  of  Squads 


Squad 

llita 

Squad 

Rita 

\ 

1.00 

D 

R 

1.00 

F. 

1.82 

C 

1.00 

F 

l.OO 

test  is  meaningless  in  the  adjusted  data  case  (two  measures),  where  the  two 
differences  happen  to  just  agree.  The  raw-data  test,  however,  is  acceptable, 
showing  that  it  is  more  likely  tlan  not  that  there  is  no  dlf'erence  between 
S^iuad  F  and  ABC. 

Finally,  from  all  the  comparisons  of  total  hits  per  run,  the  relative  hits 
per  run  shown  in  Table  G12  for  all  sU  squads  are  deduced  (ADC  taken  as  unity). 
Adjusted  values  are  used  In  Table  G12,  but  again  the  raw -data  values  are  not 
significantly  different. 


HIT  PHOBABIUTY  BY  QUAUHCATION 

Table  G13  shows  the  compositions  of  the  10-man  squads  in  terms  of  the 
riflemen  qualification  (from  App  A). 

The  squad  compositions  and  the  average  hit  probabilities  achieved  by  the 
different  squads  can  be  used  to  form  a  set  of  equations  from  which  an  estimate 
of  the  effectiveness  of  the  different  qualifications  can  be  obtained.  The  relative 
hit  probabilities  of  Table  G6  are  used  to  form  Eqs.  G3; 


F. 

+ 

IS 

♦ 

6.1/ 

-  100 

E 

¥ 

7S 

4> 

2V 

-  118 

65 

4V 

-  100 

E 

♦ 

8S 

♦ 

V 

.  100 

S 

-  60 

t 

> 

S 

♦ 

V 

♦26-43 

This  is  a  set  of  six  equations  in  four  variables,  for  which  no  exact  solu¬ 
tion  is  expected.  The  best  solution  (in  the  sense  of  a  solution  with  minimum 
variance)  is  obtained  by  applying  a  least -squares  method. 
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The  sum  of  squares  of  deviations  (measured  normal  to  the  regression 
plane)  is  given  by  the  function: 

(£■  ♦  3S  +  -  100)V  46  +  (£•  +  7S  +  2il/  -  113) *754  *■  (6S  +  tV  ~  100)V''>2  +  l£  +  8i'  +  W  -  100)*/66  ♦ 

4-  U£  +  5-60)2/17  ^{E  *S*  -  43)2/7 

A.  necessary  condition  for  this  function  to  be  a  minimum  is  that  Its  first 
partial  derivatives  be  zero.  Taking  the  partial  derivatives  of  this  function 
with  respect  to  E,  S,  M  and  U,  and  setting  them  equal  to  zero,  a  set  of  four 
equations  is  obtained,  with  solution: 

E  -  12.3  I 

"  ^9  3  I  f*l**‘ve  to  £  «  100% 

(/-  5.3  J 

These  relative  ratings  relate  the  standard  qualification  ratings  according 
to  experimental  hit  probabilities. 


£  -  100 
S  -  ss 
«-  7S 
41 


Tablf.  G13 


.SOfAD  Qo ALiriCATIONS 


F.xp«rt  t£) 

Sli<.rp*hooter  (5) 

Marliamai  (if) 

Unqmalified  iV) 

A 

1 

3 

6 

0 

B 

1 

7 

2 

0 

0 

6 

4 

0 

n 

1 

8 

1 

0 

E 

3 

2 

0 

0 

F 

2 

2 

2 

4 

SQUAD- AMMUNITION  EFFECTS 

To  examine  the  interrelation  of  any  two  of  the  five  factors  (ammunition, 
illumination,  position,  squad,  and  order),  Talde  F41  is  reduced  for  effects  of 
the  other  three.  Squad-ammunition  effects  are  of  interest.  The  entries  in 
Table  F4i  are  divided  by  the  appropriate  order  reduction  factors  from  Table 
K5  and  illumination -position  reduction  factors  from  Table  XI 5.  This  elimina¬ 
tion  of  the  other  three  effects  yields  Table  G14. 

The  bottom  row  lists  the  ratios  of  duplex  to  single -bullet  hit  probabilities 
for  each  squad.  The  grand  average  for  the  four  regular  sqimds  (  aB^  )  is  1.64. 
From  this  It  might  be  concluded  that  the  average  gain  of  64  percent  is  increased 
to  72  percent  for  the  poorest  squad  (Squad  F),  and  decreased  to  57  percent  for 
the  best  squad  (Squad  E).  These  gains  are  clearly  seen  in  Table  G15  where  the 
first  line  of  the  single-bullet  hit  probabilities  gives  a  measure  of  the  basic  per¬ 
formance  or  rating  of  the  squads. 
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Actually  the  variatlona  among  the  four  regular  squads  are  so  large  (25 
percent  to  111  percent  gain)  that  confidence  in  the  results  in  Table  G15  is  low. 
However,  the  direction  and  general  nagnitude  of  the  squad  qualification  effect 
on  salvo  gain  Is  consistent  and  reasonable.  As  extreme  Squads  E  and  F  did  not 
fire  the  other  salvo  ammunitions,  no  examination  is  attempted  of  the  qualifica¬ 
tion  effects  on  those  scores. 


Tah'  r.  nu 

Hit  PaonABiLiTirs  uy  Sqtad 


r 

D 

E 

)• 

Res  .da  j 

Hita  1  Rouada 

R'Hiiida 

Hiu 

Ro«ada 

Hita 

Rouada 

Mm 

Hovada 

Sisdie  btflltc 

fll 

m: 

«l  VO 

9ft 

611 

62 

5)5 

_ 

— 

lOQ 

674 

91  S21 

61 

420 

82 

632 

)7< 

)03O 

89 

764 

74 

52*1 

1  VI? 

102 

S7 

76ft 

— 

— 

— 

m 

7<  f.Ti 

71 

511 

75 

526 

— 

— 

— 

Osplex 

— 

— 

1J7 

S72 

1W 

5)7 

— 

liS 

m  ^40 

Ufl 

St9 

140 

636 

24) 

)36 

677 

w. 

— 

i)H 

621 

92 

tsn 

— 

— 

170 

HI 

iftft 

199 

b6l 

— 

— 

— 

— 

Hstm 

] : , 

1.2j 

1  72 

2  11 

1  57 

1  72 

Table  G15 


Hit  pRonABiLiTY  (Iains 


Ammunitiao 

Squad 

F(pooreat)  j 

MILO  (averaue) 

i:  (beat) 

Sinfile  bullet 

n.7 

u.s 

17.3 

Duplex 

20,1 

2.3,7 

27,1 

Percentage 

ol  Kain 

72 

64 

57 
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Appendix  li 

LEAHNING  EFFECT 


SUMMARY  219 

LEAHNING  219 

F.FFKCT  ON  Hit  PnoBABiLmES— Effect  on  Rounds  Fired 

TABLES 

HI.  Effect  of  Leahninc  on  rtr  Probabilities  220 

H2  Effect  of  Learning  on  rtr  Probabilities  (Day  Sitting  Only)  220 

H3  Effect  of  Learning  on  Rounds  Fired  222 

H4.  Effect  of  Learning  on  Rounds  Fired  (Day  Sitting  Only)  222 
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SUMMAftY 

In  12  pairs  of  runs  the  same  squad  fired  each  run  of  a  pair  under  substan¬ 
tially  the  same  conditions  but  at  different  times.  This  offered  a  good  opportunity 
to  isolate  a  learning  effect  if  one  was  present. 

In  this  experiment  there  are  two  ways  in  which  learning  might  affect  re¬ 
sults:  first,  the  accuracy  of  fire  might  change  as  the  eiqperiment  progresses, 
or,  second,  the  rate  of  fire  might  change.  An  examination  of  the  data  ever  a 
span  of  12  mns  shows  that  accuracy  did  appear  to  Increase  some  1  to  11  per¬ 
cent,  at  least  for  the  day-sitting  runs,  and  that  the  rate  of  fire  increased  some 
25  percent.  It  Is  concluded  that  learning  occurred  in  the  experiment,  reflected 
strongly  in  the  number  of  rounds  fired  and  less  strongly  in  accuracy  (hit 
probability). 


LEARNING 

Effect  on  HU  Probcbillties 

Table  HI  lists  the  12  paired  mns  in  which  each  squad  us'^d  the  same  ammu 
nitlon  and  firing  position.  Ail  other  controllable  conditions  were  the  same,  and 
the  first  run  of  each  pair  was  separated  from  the  second  by  11  intervening  runs 
by  the  same  squad.  The  raw  hit  probabilities  in  Table  HI  are  simply  tne  ratios 
cf  holes  counted  to  rounds  coxmted,  taken  directly  from  Table  E4.  The  adjusted 
hit  probabilities  are  ratios  of  adjusted  hits  from  Tables  FI  to  FI 9  to  adjusted 
shots  from  Tables  F20  to  F36. 

Table  HI  shews  the  hit  probabilities  (p,  for  the  first;  p  for  the  second 
run)  for  each  of  these  12  pairs  of  runs,  and  the  differential  mt  probabilities: 

Ap  «  -  p,.  If  there  was  consistent  learning,  30  that  the  squads  did  better  on 

the  second  run  of  the  pair  than  on  the  first,  the  Ap’s,  except  for  random  error, 
would  all  be  positive.  It  is  observed  that  the  computed  learning  effect  (Ap)  is 
negative  on  5  of  the  12  pairs  of  rims  from  the  raw  data,  and  on  4  of  the  pairs 
from  adjusted  data.  On  the  other  pairs  of  runs  the  learning  effect  was  positive; 
and  Table  111  shows  a  net  positive  learning  effect:  increase  of  irom  17.7  to  18.6 
percent  hit  probability  from  rsw  data,  from  18.1  to  18.2  percent  from  adjusted 
data.  This  Is  a  1  to  5  percent  relative  Improvement. 

The  expected  value  of  the  average  Ap,  imder  the  null  hypothesis  (no  learn¬ 
ing)  used  In  making  the  test,  is  aero.  Th^  values  are  calculated  la  ord«r  to 
estimate  the  probability  that  the  average  Ap  of  ♦.(X)0  or  -f.(X)06,  would  occur  as 
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Table  HI 


Kffect  of  Learning  on  Hit  Probabilities 


Sqnad 

H 

Ittn 

AnunnaitioB 

Tiring 

condition 

Rnw  data 

Adjusted  data 

r 

Py 

.\p 

Pt 

Np 

A 

/ 

25 

Single  bnllft 

Day  Sitting 

.148 

.212 

+.064 

.169 

.190 

♦  .021 

5 

29 

.Single  bullet 

Day  ntnnding 

.140 

.145 

t.005 

.142 

.153 

♦  Oil 

B 

3 

27 

Sia)(le  bullet 

Dny  nitting 

.223 

.241 

♦.018 

.224 

.229 

♦  .005 

7 

31 

SisKle  bullet 

Vigbt  sitting 

.0B6 

-.043 

.vvi 

044 

-.049 

C 

33 

57 

Duplet 

Dav  sitting 

.315 

.392 

♦.077 

.318 

.374 

♦.0.56 

37 

61 

Duplex 

Day  atoadiag 

.295 

.245 

-.050 

.296 

.235 

-.061 

34 

58 

Sieple  ballet 

Day  nitting 

.204 

.198 

-.006 

.20.5 

.191 

-.014 

38 

62 

Siegie  bullet 

Dav  ataoding 

.162 

.143 

-.019 

.174 

.139 

-.035 

n 

35 

59 

Duplex 

Dav  nitting 

.277 

261 

-.016 

.281 

.281 

♦  .006 

36 

60 

Single  bnllet 

Dav  nitting 

168 

.181 

♦  013 

160 

.171 

♦  Oil 

3<J 

63 

Duplex 

Nigbt  sitting 

.078 

.119 

♦  .041 

.084 

.118 

+.034 

40 

64 

Single  bullet 

Night  sitting 

.030 

.052 

♦.022 

.030 

.055 

♦  .025 

Toll 

lI 

2.126 

2.232 

♦.106 

2.176 

2.186 

♦  .010 

Mean 

.177 

.186 

♦.009 

.181 

.182 

♦  .0008 

"V 

.0118 

.0104 

t 

.765 

.077 

Table  H2 


Effect  of  Tearninc  on  Hit  Probabilities  (Day  Sittinc  Only) 


SEfUftd 

^mmanilion 

Raw  data 

Adjusted  dsin 

P* 

'’y 

Ap 

P« 

Py 

Ap 

A 

Single  bslint 

.148 

.212 

♦.064 

.169 

.190 

♦  021 

B 

Single  ballet 

.223 

.241 

♦.018 

.224 

.229 

+  .005 

C 

Duplaa 

.315 

.392 

♦.077 

.318 

..174 

+.0.56 

Slagle  bullet 

.204 

.198 

-006 

.205 

.191 

-.014 

n 

Duplex 

.277 

.261 

-.016 

.281 

.287 

+.006 

Single  bullet 

.168 

181 

♦.0'3 

.160 

.171 

♦.Oil 

rotal 

1.335 

1.485 

♦.150 

1.357 

1.442 

♦  085 

Menn 

.223 

.248 

♦  .025 

.226 

.240 

♦  .014 

.0153 

.009B6 

1.63 

1.42 
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the  result  of  only  random  variation  In  the  Ap's.  To  calculate  t,  simply  take  the 
ratio  of  the  average  value  ^  to  its  estimated  standard  error: 

(HI) 


the  standard  error  of  Ap,  is  given  by 

Of^  -  -  1)  (H2) 

where  n  is  the  number  of  Ap’s. 

From  standard  t  tables,  the  probabilities  that  average  hit  probability  in¬ 
creases  as  large  as  the  computed  Ap’s  could  occur  by  chance,  if  there  were  no 
real  learning  effect,  are  deduced.  The  raw  data  (  for  11  degrees  of  freedom 
could  occur  by  chance  13  percent  of  the  time;  the  adjusted  data  t  could  occur  by 
chance  about  i)0  percent  of  the  time.  It  is  concluded  that  this  analysis  reveals 
no  significant  learning  effect  as  reflected  in  hit  probabilities  of  these  12  pairs. 

If  only  th<t  day -sitting  data  are  considered  (the  standing  and  night  r\ins 
being  deemed  too  Irregular),  the  apparent  consistency  of  learning  improves 
(.see  Table  H2). 

The  higher  t  values  correspond  to  lower  probabilities  tlwt  the  average  hit 
prooability  increase  occurs  by  chance.  The  raw  datat  for  5  degrees  of  free¬ 
dom  could  occur  by  chance  about  9  percent  of  the  time;  tlie  adjusted  data  t  coiUd 
occur  by  chance  about  11  percent  of  the  time. 

Examination  of  the  day-sitting  hit  probabilities  reveals  a  6  to  11  percent 
relative  increase,  which  is  real  to  about  a  90  percent  confidence  level.  It  is 
concluded  that  a  12-run  initial  experience  will  increase  day-sitting  accuracy 
about  IQ  percent.  Standbig  and  night  accuracy  are  not  measured  reliably  enough 
in  the  experiment  to  establish  whether  they  incur  real  learning. 

Effect  on  Rounds  Fired 

Table  H3  repeats  the  arrangement  of  Table  HI  for  rounds  fired  instead  of 
hit  probabilities.  It  is  noted  that  the  computed  learning  effect  (AR)  Is  negative 
for  2  of  the  12  pairs  of  runs  from  raw  data,  and  3  of  the  12  pairs  from  adjusted 
data.  On  the  majority  of  runs,  however,  the  learning  effect  was  positive;  Table 
H3  shows  a  net  positive  learning  effect:  increase  of  from  587  to  720  rounds 
from  raw  data,  from  560  to  720  rounds  from  adjusted  data.  This  is  a  22  to  29 
percent  relative  increase. 

The  t  values  are  calculated  again  to  estimate  the  probability  that  these  net 
increases  would  occur  as  the  result  of  only  random  variations  in  the  AR’s.  Both 
raw  and  adjusted  data  t  values  for  11  degrees  of  freedom  could  occur  by  chance 
less  than  ^/t  percent  of  the  time,  or  less  than  once  out  of  2C0  times.  It  Is  con¬ 
cluded  that  this  analysis  demonstrates  a  real  learning  effect,  reflected  in  some 
25  percent  increase  in  number  of  rounds  fired  in  a  run. 

The  Table  H4  increases  in  rounds  fired  for  day-sitting  runs  are  a  relative 
23  percent  from  raw  data  or  32  percent  from  adjusted  d^ta.  These  increases 
are  quite  real  as  Is  indicated  by  the  substantial  i  values  computed.  Both  raw 
and  adjusted  data  i  values  for  5  degrees  of  freedom  could  occur  by  chance  less 
than  2V1  percent  of  the  time.  It  Is  concluded  that,  for  either  day-sitting  runs 
alone  or  all  12  pairs  of  runs,  a  12-run  Initial  experience  increases  the  rate  of 
fire  about  25  percent. 
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Tablh  Mi 

Rfrect  of  I.karninc  on  Hounds  Fired 


Sqaad 

R« 

■1 

Ammaaitioa 

Fir.n* 

coadilion 

Raw  data 

1  Adjuated  data 

B 

B 

B 

B 

\R 

B 

B 

\R 

C 

1 

25 

Siifile  ballet 

Day  aittiaK 

607 

742 

4- 

135 

540 

827 

♦  287 

s 

29 

Siaitla  billet 

Day  ataadiait 

579 

747 

4- 

168 

551 

767 

+  216 

B 

3 

27 

Sieftie -ballet 

Day  aittiaK 

471 

598 

4- 

127 

483 

576 

♦  93 

7 

31 

Sliftle  ballet 

Niitht  aittiUK 

616 

950 

<4 

334 

600 

950 

+  .350 

C 

33 

57 

Daplet 

Day  aiiiiait 

505 

534 

+ 

29 

485 

572 

+  87 

37 

61 

Duplet 

Day  atandinft 

635 

645 

4- 

10 

653 

631 

-  22 

34 

58 

Slagle  ballet 

Day  aiiliaft 

545 

504 

- 

41 

537 

471 

-  66 

38 

62 

Siafile  ballet 

Day  ataadiag 

679 

720 

4- 

41 

625 

714 

+  39 

n 

3S 

59 

Duplex 

Day  aitliag 

476 

748 

■4 

272 

438 

701 

♦  263 

36 

60 

Sitgle  ballet 

Day  aittian 

482 

663 

4 

181 

445 

709 

>  264 

39 

63 

Daplex 

Nif(ht  BittinK 

553 

918 

4- 

365 

491 

950 

+  4.59 

40 

64 

Smitle  ballet 

Nitcht  aittiax 

901 

869 

- 

32 

874 

768 

-  106 

TomI 

7049 

S638 

♦  1 

1589 

6722 

8636 

4-1914 

M«att 

587 

720 

4- 

132 

560 

720 

+  160 

39.8 

S0.4 

1 

3.32 

3.18 

Table  H4 


Effect  of  Learning  on  Rounds  Fired  (Day  Sitting  Only) 


Sqaad 

Amiaaaitioa 

Rew  del* 

Adjaa‘.<d  Beta 

\R 

R, 

\R 

A 

Siaiile  ballet 

607 

742 

♦135 

540 

827 

♦287 

B 

Siafila  ballet 

471 

598 

♦  127 

483 

.576 

♦  93 

C 

Daplex 

305 

534 

♦  29 

485 

572 

♦  87 

Sialic  ballet 

545 

504 

-  41 

537 

472 

-  66 

D 

Siatile  ballet 

476 

748 

♦272 

438 

701 

♦26.3 

Duplex 

482 

663 

♦  181 

445 

709 

♦264 

Toul 

3086 

3789 

♦708 

2928 

,3856 

♦928 

Maaa 

5U 

6.31 

♦  117 

488 

64.3 

♦  1.55 

'vf 

45.5 

57.2 

1 

2.57 

2.71 
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SUMMARY 

The  .30  single-bullet  day-sitting  runs  are  examined  In  detail  to  determine 
the  lag  time  from  the  signal  for  the  target  to  pop  up  until  achievement  of  a  steady 
rate  of  fire.  The  sum  oi  the  squares  of  the  errors  between  calculated  and  ob¬ 
served  exposure  times  Is  written  as  a  function  oi  the  lag  time  and  the  rate  of 
fire.  The  values  that  best  fit  this  function  are  found  to  be  a  lag  time  of  1.75 
sec  and  a  rate  of  fire  Is  3.75  shots/ sec  for  10  men  firing. 

The  electrical  record  of  shots  recorded  provided  a  count  showing  that 
about  12  percent  of  shots  were  fired  during  an  average  1.27 -sec  period  after 
targets  had  gone  down. 

The  rate  of  fire  of  2.57  shots/ sec  for  10  men  firing  is  computed  for  single - 
bullet,  duplex,  and  triplex  runs.  This  Is  lower  than  the  rate  for  single-bullet 
day-sitting  runs  used  to  develop  the  estimate  of  lag  time. 


LAG  TIME  AND  RATE  OF  FIRE  FOR 
SINGLE-BULLET  DAY-SITTING  RUNS 

It  Is  evident  that  some  time  was  required  after  the  target  appeared  for  the 
riflemen  to  spot  the  target  and  direct  fire  toward  It.  The  average  lag  time  had 
been  visually  estimated  as  about  3  sec.  This  section  develops  a  method  for  esti¬ 
mating  the  average  lag  time  from  appearance  of  the  target  to  beginning  fire  at 
this  target  and  the  average  rate  of  fire.  Such  averages  are  meaningful,  though 
It  Is  recognized  that  there  may  be  considerable  variation  from  target  to  target. 
The  data  from  which  these  averages  were  computed  were  obtained  from  the 
electrical  records  of  shots  fired  (Table  11).  The  way  in  which  these  data  were 
obtained  Is  described  in  detail  in  App  D.  The  computations  are  based  on  the 
shots  data  (N,)  from  Table  F20.  The  adjusted  shot  values  are  used.  The  cor¬ 
responding  values  of  exposure  time  (t,)  are  noted  from  Table  C22.  It  is  believed 
that  the  assumptions  made  In  the  least  squares  method  outlined  in  the  paragraphs 
following  arc  realistic  if  calculations  are  confined  to  a  given  type  ammunition, 
visibility,  and  firing  position.  The  method  Is  essentially  that  of  fitting  a  straight 
line  to  observed  (*''.ta. 

For  a  given  type  run.  It  Is  assumed: 

1^  is  the  scheduled  exposure  tlmo  for  target  i. 

a  sec  Is  the  lag  time  for  beginning  fire  at  sack  target. 

Ni  is  the  number  of  shots  fired  at  target  i. 

K  Is  the  time  In  seconds  for  each  shot.  This  assumes  the  average  rate 
of  fire  Is  constant  and  l/K  Is  the  average  rate  of  fire. 
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From  these  four  assumptions,  it  is  clear  that: 

i{~a  3  effective  exposure  time  for  target  i.  This  may  be  thought  of 
as  the  calculated  e^qxisure  time. 

0.88  KN,  =  effective  exposure  time  for  target  i.  This  Is  the  observed 
e;q>OBure  time,  since  Table  12  shows  that  12  percent  of  the 
fire  Is  delivered  after  exposure. 


Taulc  11 


DAY-Smrmc  Sincle-Bullct 
RATE-or-Fiae  Data,  bt  TAScrr 


1 

N 

Nt 

Ni 

4.5 

15 

225 

68 

15 

52 

2,704 

780 

4.5 

21 

441 

95 

15 

52 

2,704 

780 

19.5 

44 

1,^ 

858 

9 

34 

1,156 

306 

4.5 

9 

81 

41 

9 

35 

1,225 

315 

6 

36 

676 

156 

IS 

39 

1,521 

585 

31.5 

96 

9,216 

3024 

3 

9 

81 

27 

4.S 

10 

100 

45 

4.5 

5 

2.5 

23 

9 

14 

196 

126 

6 

19 

.361 

114 

las 

40 

1.600 

420 

3 

6 

36 

18 

25.5 

37 

1,369 

944 

7.5 

10 

100 

75 

3 

4 

16 

12 

21 

36 

1.296 

756 

1231 

613 

27,065 

9568 

The  error  between  the  calculated  exposure  time  and  the  observed  exposure 
time  for  target  i  la  a  function  of  a  and  K ,  and  nsiy  be  written 

ffa.KJ-ti-a-OMK.yi  (11) 

To  determine  a  and  K,  the  necessary  condition  la  for  the  sum  ol  squares 
oS  these  errors  for  all  targets  to  be  a  iBlnimum.  T!rt  Is,  the  expreeslon  Is 
written  for  the  sum  of  the  eqtiaree  of  the  errors  for  all  M  targets  (where  M  la 
the  number  of  targets),  which  la: 

s 

Ffa,  KJ-lft^  -  •  -0LmK\P 
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and  set  the  first  partial  derivatives  with  respect  to  a  and  K  equal  to  zero.  This 
leads  to  the  following  pair  of  linear  equations  for  determining  a  and  K: 

(12) 

O.M  a  INi^O.VK  -  OJB  lAfy 


General  average  values  for  single>bullet  day-sitting  runs  can  be  obtained 
by  cCMisidering  all  10  single-bullet  day-sitting  runs  from  Table  F20. 

Table  11  lists  the  average  adjusted  rounds  fired  at  each  single-bullet  day¬ 
sitting  target  N.  Also  listed  are  target  exposure  times  i.  The  quantities  and 
M  are  computed,  and  all  columns  totaled.  These  sums  are  substituted  into  Eqs. 
12,  which  become: 


22  a  +  539  it -231 
539  a  +  20959  K  -  8420 


These  equations  yield: 


a  —  1.77  Mc 
K  -  0.356  MC 


The  average  time  between  rounds  after  initial  lag  for  10  men  firing  is  K. 
The  average  interval  for  one  man  is  Just  10  K,  or  3.50  sec,  or  l‘i  rounda/min. 
Of  course  this  interval  includes  clip  change  and  malfunctions,  where  they 
occurred. 

The  1.77-sec  initial  lag  reflects  the  delay  in  acquiring  a  new  target.  It 
must  be  appreciated  that  this  delay  as  deduced  here  represents  the  time  to 
achievement  of  the  steady  rate  of  fire,  not  time  until  the  first  round  is  fired. 
The  average  Ume  until  the  first  round  is  fired  by  a  single  man  is  in  fact  1.77 
pius  3.50,  or  5.33  sec.  It  is  noted  that  this  average  value  of  5.3  sec  to  first 
round  is  somewhat  larger  than  the  theoretical  optimum  time  of  3.5  sec.'*  It 
should  be  noted  however  that  the  increment  before  the  first  round  is  generally 
less  than  the  average  increment,  as  the  rifle  will  always  be  loaded. 


RATE  OF  FIRE  FOR  SINGLE -BULLET,  DUPLEX, 

AND  TRIPLEX  RUNS 

In  the  single-bullet,  duplex,  and  triplex  runs  there  was  a  total  of  8011.5 
sec  of  target-up  time.  (In  liible  12  runs  7,  8,  31,  39,  40,  03,  and  04  were  night 
runs  with  target -up  times  of  253.5  , ‘••c/run.  All  other  runs  were  day  runs  with 
target-up  times  of  231  sec/nm.  All  runs  used  22  targets.)  Deducting  1.77  sec 
lag  time  from  each  of  the  748  targets  in  all  34  runs,  leaves  a  total  of  17,171 
shots  fired  in  0088  sec.  Thus  2.57  shots/aec  was  the  average  rate  ot  fire  for 
10  men,  0.257  ahots/sec  (15  rounds/min)  for  one  man  lor  single -bullet,  duplex, 
and  triplex  ammunition. 
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Table  12 


Late  Shots  for  Sincle-B>jllet.  IXplex,  aj<d  Triplex  Huns  (Raw  Data) 


ILua 

Skoio  recofdod 

Percentafi«  of 
aliota  recorded 

j  Taj-KOT  ap 

■  1 

1  1  arftet  dowo  | 

foul 

Target  ap 

Taritet  dowa 

1 

465 

57 

522 

89.1 

10.9 

2 

378 

58 

436 

86.7 

13.3 

3 

356 

35 

391 

91.0 

9.0 

4 

2i>5 

11 

276 

96.0 

4.0* 

5 

412 

69 

481 

85.7 

14.3 

6 

472 

171 

643 

73.4 

26.6 

7 

462 

64 

526 

87.8 

12.2 

r 

508 

59 

567 

89.6 

10.4 

25 

582 

83 

665 

87.5 

12.5 

26 

626 

76 

702 

89.2 

10.8 

27 

522 

56 

578 

90.3 

9.7 

2« 

405 

42 

447 

90.6 

9.4 

29 

636 

99 

735 

86.5 

13.5 

■»! 

060 

•» 

959 

39.7 

10.3 

33 

433 

59 

462 

87.2 

12.8 

««  * 

492 

'O 

562 

87.5 

12.5 

35 

390 

61 

451 

86 .5 

13.5 

36 

351 

86 

437 

80.3 

19.7 

37 

286 

57 

343 

83.4 

16.5 

38 

340 

40 

300 

89.5 

10.5 

39 

498 

so 

548 

90.0 

9  1 

40 

467 

42 

509 

91.7 

9.3 

57 

435 

60 

495 

87.9 

12.1 

58 

433 

59 

492 

88.0 

12.0 

59 

533 

81 

614 

86.8 

13.2 

60 

493 

104 

597 

82.6 

17.4 

61 

569 

64 

633 

89.9 

10.1 

62 

570 

81 

6SI 

87.6 

12.4 

63 

800 

104 

904 

88.5 

11.5 

64 

755 

88 

843 

89.6 

10.4 

65 

737 

136 

873 

31.4 

15.6 

66 

653 

87 

740 

88.2 

11.8 

67 

517 

64 

581 

89.0 

n  0 

68 

500 

60 

560 

89.3 

10  7 

Total  or 

VUoa 

17.171 

2432 

19.603 

87.6 

12.4 

'Omt*  iacoiwplfl*. 
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AMOUNT  OF  LATE  FIRE 

Table  12  presents  shots -recorded  data  derived  from  all  the  .30-cal  single - 
bullet,  duplex,  and  triplex  runs  (34  of  the  68  runs).  It  includes  total  numbers 
and  percentages  of  shots  fired  while  targets  were  exposed,  and  after  they  had 
dropped.  It  is  seen  that  12.4  percent  of  the  shots  were  fired  after  the  targets 
were  down.  This  figure  may,  however,  be  somewhat  higher  than  might  be  ex¬ 
pected  under  less  dusty  firing  conditions.  The  test  troops  complained  on  num¬ 
erous  occasions  that  the  targets  were  partly  or  completely  obscured  by  dust 
produced  from  hits  in  the  target  area. 


DURATION  OF  LATE  FIRE 

A  total  of  2432  shots  (Table  12)  was  fired  after  target  went  down.  At  the 
rate  of  2.57  shots/scc  this  took  950  sec.  Divided  by  the  748  targets  in  all  34 
runs,  this  yields  an  average  of  1.27  sec  of  late  fire  per  target. 


4  O 


229 


CONFIDENTIAL 


CONFIDENTIAL 


Appendix  J 

STATISTICAL  ANALYSIS  OF  DATA 

SUMMARY  233 

HITS  AND  HIT  PROBABILITIES  BY  AMMUNITION-ILLUMINATION- 

POSlTlON  CONDITION  233 

COMPARISON  OF  SINGLE-BULLET,  DUPLEX,  AND  TRIPLEX  AMMUNITIONS  237 

COMPARISON  OF  AUTOMATIC  AND  SEMIAUTOMATIC  CARBINE  AND  T48  FIRING  259 

COMPARISON  OF  SINGLE  BULLETS  AND  FLECHETTES  27-» 

►  FIRING  POSITION  AND  ILLUMINATION  274 

CONFIDENCE  LIMITS  280 

FIGURES 

JI  SiKGLE-nCLLCT,  DUPLEX,  AND  TBIPLEI  ISt  P«08‘.5r  'TIES.  ”At  DaTA  240 

J2  Siwcle-Bcllet,  Duplex  and  Tbiplei  Ht  Pbobawuties.  Adjusted  Data  241 

TABLES 

JI.  IIts  abdHitPbobabilities  bt  AIPCxwomofi  234 

J2  SuMMABT  or  Ratios  or  llAjoBDiFrEBEMCEs  23S 

J3  IlTS  AND  IfcT  PBOBAin-ITIES  OF  SaLVO  AjUBCNITION  OB  FlBINC  COHPABED  TO 

Swcle-Rullet  A  P  Ammunition  236 

J4.  ItTS  AND  IBt  Pbobamjtics  Or  Standing  Compabcd  to  Sitting  and  Mgbt 

COMPABEO  TO  Dat  237 

JS  ItTS  ANOftTPtOBAiUTttSOr  AUTOMATKCOMPABr.DTOScilHOTOIIATIcFlBt  238 

j6  Single-Bullet  llTFMoBABitrnES  AND  StandabdEbbdbs.IIa«  Data  242 

J7  SwcLE-Bin  i  cTltTPBotABB  mu  AND  StandabdEbbobs  Adjusted  Data  243 

JI.  Drpui  tlTPBOiAiLrnu  and  Staxdabd  Ebbobs.  Rab  Data  244 

J7  Duplex  itTPBOBAiLrnu  AND  StandaidEbbobs.  aojdsteo  Data  245 

JIO  Tbitlei  IIt  PBOBABMxnu  AND STANDABoEBBOts,nAT-SrmBc  Condition. 

.  RabData  246 

JII  Tbiplci  IIt Pbobabrjtiu  and StamdabdEb bobs.  nAT-SrmNC CoNDmoH, 

4d.bbtt«Data  246 

OnO-T-37i  131 


t 


CONFIKNTIAl 


CONFIDENTIAL 


J12.  CarBIMIl  Hit  PanBARILITIFS  a.'CD  Stardaro  Errdrs,  Rai  Data  246 

J13.  Carbine  Automatic  Hit  Probabo-ities  and  Standard  Errors,  Adjusted  Data  247 

Jl4  Car RiNE Semiautomatic  HitI^orabilities  andStandard  Errors,  RawData  247 

JIS.  Dr  bine  Semiautomatic  Hit  Prdbabiuties  and  Standard  Errors, 

AojtfSTED  Data  248 

J16.  T48  Automatic  Hit  Probabilities  AND  Standard  Errors,  RawData  248 

J17.  T48AuTOMATicHiTpROBABiLiTiES  AND  Standard  Ebrors,  Adjusted  Data  219 

J18.  T48SemiautomaticHitProbapimties  AND  Standard  Errors,  RawData  249 

JI9.  T48SewautomaticHit  Probariuties  andStandardErrors,  AdjustedData  2S0 

J20.  Sincle-BulletHits andStandardErrors, RawData  250 

J21.  S.'nglx-Bullet  Hits  AND  Standard  Errors,  AdjustedData  2S1 

J22.  Duplex  Hits  and  Standard  Errors,  Raw  Data  2S2 

J23.  Duplex  Hits  AND  Standard  Errors,  Adjusted  Data  253 

J24.  Triplex  Hits  AND  Standard  Errors,  DaY'Sittinc  Condition,  Raw  Data  253 

J2S .  Triplex  Hits  and  Standard  Errors,  Day-Sitt  ing  Condition,  Adjusted  Data  253 

J26.  CahbineAutomaticHits andStandardErrors, RawData  254 

J27.  Carbine  Automatic  Hits  AND  Standard  Errors,  Adjusted  Data  254 

J28.  Carbine  Semiautomatic  Hits  andStandardErrors,  Haw  Data  2SS 
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J44.  CARBiNEANDT48HiTPHOBABiLmES,  Night-Sitting  Cjjndition.  RawData  269 

J4S.  Carbine  AND  T48  Hit  Probabilities,  Night-Sittinc  Condition,  AdjustedData  269 

J46.  Cardine AND T48 Total ItTS,  Day-Sitting CtoNDiTiON. RawData  270 

J47  C^HBENE  and T48Tot.',lH.'Ts.  Day-Sitting CoNUiTiON,  AdjustedData  270 

J48.  Carbine  AND  T48  Total  Hits,  Day -Standing  Condition,  RawData  271 
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SUMMARY 

This  appendix  examines  variations  in  both  hits  per  run  and  hits  per  round 
fired  for  the  21  ammunition-Ulumlnation-positlon  (AIP)  conditions.  Table  J1 
in  the  next  section  summarizes  the  basis  for  all  comparis(xis.  The  three  sec¬ 
tions  following  that  one  extend  the  Interpretation  and  justify  the  inferences  on 
differences  that  may  be  attributed  to  the  21  conditions. 

Some  of  the  most  outstanding  differences  In  hits  and  hit  probabilities  may 
be  shown  by  listing  approximate  ratios.  Table  J2  lists  such  ratios  (all  ammu¬ 
nition  comparisons  except  the  last  as  noted  are  for  sitting  and  standing  com¬ 
bined  day  averages). 


HITS  AND  HIT  PROBABIUTIES  BY  AMMUNITION- 
ILLUMINATION-FOSITION  CONDITION 

The  data  on  hits  are  drawn  entirely  from  Tables  E6  and  F33  and  presented 
in  a  summarized  form  in  Table  Jl.  These  tables  ignore  learning  and  squad  dif¬ 
ferences  by  lumping  together  all  nins  for  a  given  ammunition -illumination - 
position  (AIP)  condition. 

The  standard  deviations  In  Table  Jl  are  computed  from  run  totals,  using 
the  usual  expression  for  variance  of  the  mean  of  n  items  (n  -  1  degrees  of 
freedom): 

-  [«£(**)  -  -  1)1  (Jl) 

The  table  entries  of  error  are  standard  deviations  of  means  and  define  the  68 
percent  confidence  limits;  i.s.,  if  the  eiqierlment  is  repeated  many  times  two- 
thirds  of  the  time  the  result  will  be  between  I  -  oj  and  x  +  Uj  . 

Having  listed  in  Table  Jl  the  mean  hits  and  hit  probabilities  (raw  and  ad¬ 
justed)  for  all  21  AIP  conditions,  it  is  instructive  to  examine  pertinent  ratios. 
Also  the  listing  of  standard  deviations  ojf  and  op  makes  convenient  the  deter¬ 
mination  of  the  confidence  that  each  of  these  ratios  is  really  different  from 
unity.  Table  J3  lists  each  of  the  seven  other  tvpes  of  fire  relative  to  single - 
bullet  ammunition  for  appropriate  illumination -position  (IP)  conditions.  The  t 
statistic  for  the  difference  between  the  means  of  any  quantities  x  and  y  is  given 

by  - 

I  -  (5  -  (J2) 

This  expression  approximates  Eq.  J4  for  large  samples.  The  computed  values 
of  t  are  then  sought  in  statistical  tables  for  (m,  -  2)  degrees  of  freedom. 
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The  C  columns  in  Table  J3  give  the  confidence  that  the  ratio  is  rea;ly  different 
from  unity. 

Of  more  interest  probably  than  this  difference  confidence  is  some  meas> 
ure  of  the  confidence  limits  about  each  mean  ratio  r/7.  Customarily  the  han¬ 
dling  of  errors  in  manipulating  laboratory  data  is  done  by  two  rules:  (a)  for  addi¬ 
tion  or  subtraction,  add  the  absolute  errors;  and  (b)  for  multiplication  or  divi¬ 
sion,  add  the  percentage  errors.  Since  independent  random  errors  are  being 
used,  addition  implies  the  second  power  sum  of  the  percentage  errors.  For  the 
ratio  of  X  to  V ,  the  standard  deviation  is 

tr_,y  -  (i/y)  {J3) 


Table  J2 

SUMMARY  OF  RATIOS  OF  MAJOR  DIFFERENCES 


CoodlUona  compared 

Hits 

Hit 

probability 

Standing  to  sitting 

0.9 

0.8 

Nlgbt  to  day 

0.4 

0.2 

Automatic  to  semiautQmatlc 

0.7 

0.5 

Duplex  to  single  bullet 

1.6 

1.7 

Triplex  to  single  bullet 

2.1 

2.2 

Csrblnc/AP 

1.6 

1.3 

748/AP 

1.2 

1.1 

T4e/AP  (night) 

2.0 

2.0 

Table  J3  lists  the  computed  percentage^rrors  of  the  ratios  (Oy/y)/(l/y). 
The  columns  headed  H  are  really  ratios  The  columns  headed  are 

the  t  test  confidences  that  the  diffcrcr.ces|iix  -  lUpj^re  real.  The  columns 
headed  (7/;are  really  •  1'be  lilt  probability  columns  are  similarly  de¬ 

fined.  Similarly,  in  following  tables,  H  and  P  are  often  used  as  abbreviations 
for  ratios  Hi/^2 

Table  J4  compares  sitting  to  standing  and  night  to  day  hits  and  hit  proba¬ 
bilities  for  each  of  Uie  ammunitions.  The  means  for  all  ammunitions  reveal 
that  standing  hit  probability  was  about  three -fourths  that  of  sitting,  and  that 
night  hit  probability  was  one-fourth  that  of  day.  As  absolute  hits  per  run 
dropped  off  less,  it  is  clear  that  the  firing  rate  increases.  From  the  mean 
values  of  Table  J4  the  firing  rate  decreases  22  percent  for  sitting  over  that  for 
standing  and  78  percent  for  day  over  that  for  night. 

The  comparison  of  automatic  to  semiautomatic  fire  is  best  made  from  the 
balanced  data  on  the  two  automatic  weapons  alone.  These  comparisons  are 
made  in  Table  J5.  It  appears  that  for  day  fire  the  automatic  weapon  scores 
only  two-thirds  the  hits  per  run  scored  by  the  semiautomatic  weapon.  The  hit 
probability  drops  even  more,  showing  an  increase  of  53  percent  in  the  rate  of 
fire.  The  nighttime  degradation  is  smaller. 
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Table  J4 

HITS  AND  HIT  PROBABILITIES  OF  STANDING  COMPARED  TO 
SITTING  AND  NKJKT  COMPARED  TO  DAY 


Ammunition 
or  filing 

Standing  to  sitting,  % 

1  Night  to  day,  % 

!  ^ 

P 

H 

P 

Adjusted 

data 

Raw 

data 

Adjusted 

^ta 

Raw 

data 

Adjusted 

^ta 

Raw 

data 

Adjusted 

datr 

Rfw 

data 

Single  bullet 

86 

63 

79 

75 

38 

34 

27 

25 

Duplex 

96 

96 

81 

86 

26 

35 

29 

28 

Csrbine  automatic 

99 

68 

77 

70 

26 

21 

20 

19 

Carbine  semi- 

automatic 

104 

105 

79 

82 

17 

18 

13 

13 

T46  automatic 

79 

65 

68 

69 

71 

71 

5 

5 

T4B  semiautomatic 

88 

97 

65 

71 

82 

66 

44 

47 

Flechette 

— 

— 

— 

— 

81 

91 

83 

75 

Mean* 

92 

92 

75 

76 

41 

41 

23 

23 

*  Except  for  flechettea. 


COMPARISON  OF  SINGLE-BULLET,  DUPLEX,  AND 
TRIPLEX  AMMUNITIONS 

Table  J6  is  a  tabulation  of  the  raw  (i.e.,  manual  count  of  rounds  of  ammu¬ 
nition  used  and  count  of  holes  in  targets  for  each  run)  data  for  each  of  the  18 
runs  in  which  single -bullet  ammunition  was  used,  plus  additional  calculations 
to  be  explained  later.  Table  J7  tabulates  the  corresponding  adjusted  data. 
Tables  J8  and  J9  are  similar  tabulations  for  the  14  duplex  runs,  and  Tables  JIO 
and  Jll  show  the  results  for  the  two  triplex  runs.  For  each  cf  these  runs  the 
probability  of  hits  p  has  been  calculated  from  the  relation 

avmtxr  ol  hotea  coantad  (for  all  22  targeta) 

^  roaada  o(  aaoiMitiaa  coaatcd 

The  prcbabllity  q  of  missing  the  target  is  q  «  I  -  p 

From  elementary  statistical  theory  the  standard  deviation  a  of  the  quantity 
p  in  the  binomial  distribution  4-  q)'*  is  given  by 

at*  .  p7/a 

Also  the  binomial  can  be  shown  to  tend  to  normality  as  s  increases.  For 
R  >  100  the  normal  approximation  for  the  blnomtsl  is  sufficiently  good  for  most 
practical  applications;  for  r>  400,  a  condition  satisfied  by  all  rune  of  this  ex¬ 
periment,  the  normal  curve  approximation  for  the  binomial  will  be  excellsut. 

If  the  eight  duplex  runs  in  Table  JB  for  the  day-sitting  firing  condition  are 
compared  with  the  corresponding  eight  singlo-bullst  runs  in  Table  JB,  the  hit 
probabilities  for  the  duplex  runs  are  from  about  SO  percent  to  more  than  100 
percent  greater  than  those  for  the  single-bullet  runs.  This  appears  U>  remove 
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any  doubt  as  to  real  effects  shown  by  these  data.  However,  Dus  can  be  vigors 
ously  established  In  any  one  of  several  ways.  The  t  test  could  be  applied  to 
the  pp.irs  of  corresponding  runs.  Perhaps  the  simplest  '•my  to  examine  these 
hit  probabilities  statistically  is  to  follow  the  method  of  control  charts  frequently 
used  in  qiullty-control  work.  If  control  limits  of  7  i  2  o  are  calculated,  the 
probability  that  another  estimate  of  the  same  will  fall  outside  the  t  2a  limits 
is  about  4  percent.  These  limits  were  computed;  graphs  of  the  results  are 
shown  in  Figs.  J1  and  J2.  The  fact  that  the  hit  probabilities  for  the  duplex  runs 
(except  for  night  sitting,  Run  8,  for  which  there  is  no  definite  explanation)  far 
exceed  the  upper  2a  iimit  for  the  hit  probabilities  of  the  corresponding  single* 
bullet  runs  is  very  strong  evidence  that  the  duplex  hit-probability  improvements 
are  real  under  all  test  conditions  of  this  experiment.  There  is  also  strong  evi¬ 
dence  in  Figs.  J1  and  J2  that  some  extraordinary  condition  was  experienced  in 
Runs  7  or  8.  Possibly  roi  erroneous  ammunition  count  or  target  hole  count  was 
made  in  Run  7.  Another  possible  explanation  of  the  unexpected  results  in  com¬ 
paring  Runs  7  and  8  is  found  in  a  note  of  an  observer  written  at  the  time  Run  7 
was  made.  This  note  states  that  the  targets  on  Run  7  were  seen  with  an  exces¬ 
sive  glare  in  the  moonlight.  Aside  from  these  two  comi^risons,  each  of  the 
duplex  runs  compared  to  the  corresponding  single -bullet  run  gives  hit  proba¬ 
bilities  that  are  significantly  better  at  least  at  the  0.1  percent  level.  This 
means  that  under  the  assumption  that  there  is  no  real  difference  in  duplex  and 
single -bullet  hit  probabilities  the  results  of  any  pair  of  these  comparisons 
would  have  less  than  1  chance  in  lOOO  of  occurring  from  random  or  sampiing 
variation. 

Figures  J1  and  J2  also  show  the  results  of  the  only  two  triplex  runs  com¬ 
pleted.  Both  Runs  26  and  28  have  hit  probabilities  far  beyond  the  J  a  control 
limits  for  Runs  25  and  27,  which  are  the  corresponding  single -bullet  runs. 

The  triplex  runs  are  not  directly  comparable  to  duplex  runs,  but  the  fact  that 
the  hit  probabilities  for  both  these  runs  are  above  the  2  a  control  limito  for 
any  duplex  run  is  substantial  evidence  that  the  triplex  ammunition  gives  a  real 
increase  over  duplex  ammunition  In  hit  probabilities. 

Tables  J20  to  J33  are  tabulations  for  holes  counted  (total  hits)  with  addi¬ 
tional  calculations  similar  to  those  in  Tables  J6  to  J19. 

Tables  J34  to  J39  contain  calculations  that  compare  mean  values  rather 
than  individual  pairs  of  values. 

Table  J34  shows  a  tabulation  and  the  mean  value  for  all  day-sitting  runs 
for  the  single -bullet  and  duplex  ammunition.  Twr  types  of  t  test  for  signifi¬ 
cance  of  differences  are  calculated  in  this  table.  The  significance  of  the  differ¬ 
ence  in  the  two  mean  values  (121.5  for  the  single-bullet  ammunition  and  185.4 
for  the  duplex  ammunition)  is  tested  by  the  calculation 


I 


I, 

(*iw/(»i  4  n)]  (ij  -  Tj) 

X  -  r  )^1.  » 

I  I  2i  2 


2»; 


{J4) 


In  this  expression,  m  is  the  size  of  the  first  sample  with  mean  i\ ,  and  n  u  the 
size  of  the  S'^cond  sample  with  mean  12'  value  of  1  calculated  in  this  way 
from  the  rteta  in  Table  J20  is  f  >  3.18.  This  value  of  1  for  16  degrees  of  free¬ 
dom  Is  significant  at  beyond  the  1  percent  level. 
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Ttble  JS 

S1NGLX-BULL£T  HIT  PROBABILITIES  AMD  STANDARD 
ERRORS,  RAW  DATA 


Rub 

Squad 

Rouada 
couaiud,  m 

Holat 

countad 

f  •  nolM/a 

O  - 

Day-SUUa(  Coodltlon 

1 

A 

607 

90 

.146 

.014 

3 

B 

471 

105 

.223 

.019 

25 

A 

742 

157 

.212 

.015 

27 

B 

598 

144 

.241 

.016 

34 

C 

545 

111 

204 

.017 

3H 

D 

462 

61 

.166 

.017 

= 

C 

aU4 

too 

.198 

.018 

60 

D 

663 

120 

.161 

.015 

65 

E 

865 

202 

.233 

.014 

67 

r 

688 

105 

.153 

.014 

Subtotal 

8.165 

1215 

.197 

Oiy-Staodlnc  Condition 

5 

A 

579 

6! 

.140 

.014 

29 

A 

747 

JC3 

.145 

.015 

38 

c 

679 

no 

.162 

.014 

62 

r 

720 

103 

.143 

,013 

Subtotal 

2.725 

402 

Nlght-SIttinf  Condition 

7 

B 

616 

53 

.086 

oil 

31 

B 

950 

41 

.043 

.007 

40 

D 

901 

27 

.030 

.006 

64 

D 

669 

45 

.052 

.008 

Subtotal 

3,336 

166 

050 

Total 

12.228 

1763 

146 

040 

^  mm 
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Table  J7 

SINGLE-BULLET  HIT  PHOBABILITIES  AND  3TAXDAHD 
EUHORS,  ADJUSTED  DATA 


Hud 

Squad 

Shuts 

adjusted, a 

lilts 

adjusted 

r  •  hits/* 

(f  ^  Vm/* 

Day-Sitting  Condition 

1 

A 

540 

91 

.169 

.018 

3 

B 

493 

108 

224 

.019 

2S 

A 

827 

157 

.190 

.014 

r 

B 

578 

132 

.229 

.018 

34 

C 

537 

110 

.205 

.017 

3S 

D 

445 

71 

180 

.017 

58 

C 

471 

90 

191 

016 

6U 

D 

709 

121 

.171 

,014 

65 

t 

872 

200 

,229 

.014 

87 

F 

8-47 

lOO 

155 

.014 

Subtotal 

6,119 

1160 

193 

Day-Stjjndlr\|;  Condition 

5 

A 

551 

78 

.142 

.015 

29 

A 

787 

117 

153 

.013 

30 

c 

825 

109 

.174 

.015 

82 

c 

714 

99 

139 

.013 

SuMAal 

2,857 

•103 

.152 

Night-Bitting  CundlUon 

7 

B 

600 

56 

.093 

.012 

31 

B 

950 

42 

.044 

007 

40 

D 

874 

26 

.030 

.008 

84 

D 

788 

42 

.05.‘ 

.006 

SubtoUl 

3,192 

166 

.052 

Toul 

11,968 

1749 

.148 
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Tabla  J6 

DUPLEX  HIT  PHOBABIUTIES  AND  STANDARD 
ERRORS,  RAW  DATA 


Hun 

Squad 

Rounda 
counted,  * 

Holea 

counted 

p  •  holM/4 

a  «  i/imA 

Day-Sitting  Coaditloo 

2 

A 

492 

166 

.337 

.021 

% 

B 

469 

170 

.362 

.022 

33 

C 

505 

.315 

.021 

35 

D 

476 

132 

.277 

.020 

57 

C 

534 

209 

392 

.021 

59 

U 

748 

195 

.261 

.016 

M 

E 

779 

292 

.375 

.017 

8A 

F 

623 

160 

257 

.016 

3ubiv>(ak 

4626 

1483 

.321 

Day-SUndlng  Condition 

B 

A 

667 

190 

.285 

.017 

37 

C 

635 

167 

.295 

.016 

61 

c 

645 

156 

245 

.017 

SubUitAl 

1947 

535 

275 

Nlght'SUllng  Condition 

6 

B 

678 

44 

.065 

.U09 

39 

1) 

553 

43 

076 

.011 

83 

D 

916 

109 

119 

.001 

Su^KotaJ 

2149 

196 

.091 

Tout 

6722 

2214 

254 
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Table 

DUPLEX  HIT  PROBABILITIES  AND  STANDARD 
CRHOHS,  ADJUSTED  DATA 


Hun 

Squad 

Shota 

id)uated,  » 

Kita 

adjuated 

p  >  hits/* 

0  ■ 

Day^StUtrig  Condition 

2 

A 

492 

16b 

.337 

.021 

4 

B 

487 

158 

338 

022 

3n 

C 

4H5 

154 

318 

.021 

35 

D 

438 

123 

.281 

.021 

5? 

C 

572 

214 

374 

.020 

59 

D 

701 

201 

287 

.017 

t>6 

E 

769 

278 

.359 

.017 

8S 

F 

586 

158 

.266 

.018 

Subtotal 

4510 

1448 

.321 

Day-Standing  Condition 

6 

A 

719 

182 

.253 

.018 

37 

C 

853 

193 

296 

.018 

61 

C 

631 

148 

.017 

Subtotal 

2003 

523 

.201 

Night-aitting  Condition 

a 

B 

678 

44 

.065 

.009 

39 

D 

491 

41 

.084 

.013 

83 

D 

950 

>12 

116 

.010 

Subtotal 

2119 

197 

.093 

Total 

8832 

2188 

751 

OHO-  r-378 
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Table  JIO 

IFIPLEX  BIT  PKOBADlLITltCS  AND  STANDAKD  EHBOHS, 
DAY-SITTlNf)  CONDITION.  RAW  DATA 


Bun 

Squad 

Rouada 
counted,  < 

Holea 

counted 

P  •  holea 

o  ■  v'po/" 

2« 

A 

706 

301 

.426 

.UIB 

28 

B 

451 

201 

445 

.023 

Total 

1157 

502 

.434 

Table  Jli 

TBIPLEX  BIT  PHORABILITIES  AND  STANDARD  ERRORS, 
DAY-SITTING  CONDITIDN,  ADJUSTED  DATA 


Bun 

S({uacl 

SKoli 
•dluated. « 

lllta 

adjualed 

p  ■  hua/it 

j  *  ^  p  4f  7m 

26 

A 

750 

309 

412 

019 

28 

U 

36d 

176 

477 

.026 

TuUl 

1119 

485 

.433 

Table  J12 

CABBINF  Al'TOMATiC  HIT  PROa,\BlUTlES  ANT)  STANDARD 


EKBORS, 

RAW  DATA 

Hun 

Squad 

Bou  xla 
couMed,* 

Holes 

coui^ed 

/»  ■  bolva/* 

O  . 

Day-3lttifig  Condilum 

20 

A 

1696 

179 

los 

.00743 

18 

B 

1016 

114 

.112 

.010 

41 

D 

bjo 

86 

.136 

.014 

43 

C 

111  1 

106 

.095 

.009 

Subtotal 

4453 

4S5 

.109 

Dsv*91andln<  Condition 

45 

O 

IOV3 

66 

.OSO 

.007 

72 

B 

1655 

142 

006 

.0059 

SubtoUl 

27  IN 

2\>ti 

.076 

NlKht‘SiUin|[  Coftd’dnn 

24 

A 

1463 

26 

018 

003 

47 

c 

MS 

23 

.026 

006 

Subtotal 

2349 

49 

021 

Toul 

9650 

742 

078 

246 
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Tmbla  J13 

CABBINE  AUTOMATIC  HIT  PHOBABILITIES  AMD 
STANDAnO  CRHOnS.  ADJUSTED  DATA 


Rui> 

Squad 

HIU 

adJustuJ 

•  hita/a 

ff  •  A 

Day-SIttlag  Coadltlon 

20 

A 

1801 

173 

.006 

.007 

18 

B 

MO 

1C8 

.120 

.011 

41 

D 

513 

50 

.115 

0X4 

41 

C 

1080 

102 

.006 

.000 

Subtotal 

4283 

442 

.103 

Day-StaBdlng  Condttloa 

45 

n 

028 

50 

.064 

.008 

22 

B 

1820 

180 

.087 

.007 

Subtotal 

2757 

210 

.079 

Night -Sitting  CondlllOB 

24 

A 

1472 

28 

.018 

.003 

47 

c 

1240 

32 

.026 

.004 

Subtotal 

2712 

58 

.021 

ToUl 

0752 

710 

.074 

Table 

J14 

CARBINE  SEMIAUTOMATIC 

HIT  PROBABIi-ITlES  AND 

.STANDARD  ERRORS,  RAW  DATA 

Rounda 

Holea 

Ran 

Squad 

counted,  a 

counted  a  * 

hol#a/N 

O  -  V'fila/a 

Day-aittlng  CondUloa 

17 

B 

840 

178 

278 

.018 

10 

A 

758 

135 

.178 

.014 

42 

D 

644 

171 

.268 

.017 

44 

C 

787 

184 

.240 

.015 

Subtotal 

2800 

868 

.2.18 

Oay-Suodl^  Condition 

21 

B 

085 

202 

.205 

.013 

48 

D 

808 

145 

.170 

.0135 

Subtotal 

1703 

347 

104 

Nlgbt-SlUii^  Condition 

23 

A 

11.14 

42 

041 

.006 

4« 

c 

814 

17 

.021 

.008 

Subtotal 

1848 

59 

.032 

Tout 

6450 

1074 

.187 

ORO-T-378 
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Table  JIS 

CARBiNS  S£M1AUT0UATIC  HIT  PRORABJUTllia  AND 
STANDARD  ERRORS.  ADJURTED  DATA 


Run 

Squad 

Shota 
adjuatad, « 

HIU 

adjusted 

f  •  hIla/» 

Q  »  VpyA 

Day-Stttlnt  CoDdltloo 

IT 

B 

«33 

177 

.280 

.018 

IS 

A 

758 

135 

.178 

.014 

40 

D 

611 

179 

.293 

.018 

44 

C 

724 

182 

.251 

.016 

SubtnUl 

2726 

873 

.247 

Day-8iandln£  Coodltton 

21 

B 

1042 

213 

.204 

.012 

46 

D 

777 

139 

.179 

.014 

Subtotal 

181» 

352 

194 

Nlght'SltUng  Coodilioo 

23 

A 

1140 

45 

.039 

.006 

48 

c 

692 

13 

.019 

.005 

Subtotal 

1832 

58 

.032 

ToUl 

5800 

944 

.169 

Table  J16 

T48  AUTOMATIC  HIT  PRCBABiLiTlEB  AND 
ERRORS,  RAW  DATA 

9TANDAr.D 

Rounda 

Holea 

Run 

Squ«d 

counted, 

n  counted  r  * 

holea  /k 

<7  -  V  pf/« 

Day' 

-silting  Condition 

10 

B 

824 

86 

.104 

001 

12 

A 

1056 

102 

.097 

.009 

49 

D 

763 

86 

112 

Oil 

51 

C 

1112 

103 

093 

009 

Subtotal 

3755 

377 

.100 

Day- 

Standi  ag  Condition 

14 

B 

923 

91 

.010 

53 

D 

1385 

68 

.049 

.006 

Subtotal 

2308 

159 

.069 

Night -SI tttac  Condition 

16 

A 

1444 

75 

052 

.006 

55 

C 

1082 

59 

05« 

007 

Aubintal 

2526 

134 

,0S, 

ToUl 

8589 

67U 

,078 

248 
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T*blt  J17 

T«  AUTOMATIC  HIT  PnOBAHUTIEB  AND  STANDARD 
EH  ROM.  ADJUSTED  DATA 


Run 

Squad 

Shota 
ad]uatad, • 

mu 

adtlMitod 

9  ^ 

Dajr-Stttlnc  Coodltlou 

10 

B 

TM 

66 

.113 

.011 

12 

A 

loss 

104 

.098 

.069 

49 

D 

662 

92 

.106 

.011 

SI 

C 

lOSO 

99 

.097 

.009 

•ubtoUl 

3666 

361 

.103 

Day-Stamtliit  CeodtUoa 

14 

B 

916 

91 

.099 

.010 

S3 

0 

1275 

69 

.046 

.066 

Subtotal 

2193 

ISO 

.068 

Nlght-Slttlnf  Conditloa 

16 

A 

1489 

76 

.C51 

.006 

6S 

C 

1038 

S8 

.0S8 

.007 

Subtotal 

2627 

134 

.063 

Tout 

8406 

86$ 

079 

748 

Tab!#  JI8 

SEMIAUTOMATIC  HIT  PROBABIUTIES 
ERRORS.  RAW  DATA 

AND  STANDARD 

Run 

Squad 

Round* 

rountndf 

Holes 

n  counted 

p  •  hotes/n 

a  •  J 

Day- 

-Slttlni  Condllinn 

9 

B 

422 

97 

230 

.021 

11 

A 

$88 

143 

.243 

.018 

SO 

D 

816 

127 

208 

.016 

62 

C 

706 

140 

.199 

.0.*$ 

Subtotal 

2331 

S07 

.218 

Day- 

Standlnic  Condition 

13 

B 

736 

127 

.173 

.014 

64 

D 

649 

118 

139 

.012 

Subtotal 

1$8$ 

24$ 

.1$$ 

Nlsht-6tKiiit  Condition 

•s 

A 

712 

IS 

.109 

Oil 

S6 

C 

866 

62 

.m 

.010 

Subtoul 

1636 

167 

102 

futa! 

6684 

919 

166 
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TikU  J19 

TiSSKVCAlTUMAriL  HIT  PROBABILITIES  AND  STANDARD  ERRORS,  ADJUSTED  DATA 


Kua 

Squad 

Shota 

adjuatod,  ■ 

HlU 

idju’itad 

p  •  hllf  / m 

Day-Stttlaq  CofMtltion 

9 

B 

480 

111 

.231 

.019 

tl 

A 

646 

167 

.243 

.017 

90 

D 

649 

144 

.222 

.016 

92 

C 

8-iS 

a3u 

.2(Ki 

.018 

Subtotal 

2424 

942 

.224 

Day-SUodina  Condition 

13 

B 

762 

131 

.172 

.014 

94 

D 

606 

109 

.139 

.012 

Subtotal 

1987 

240 

.193 

NI(ht-8Utia6  CosdtUoa 

19 

A 

779 

89 

.109 

.011 

96 

C 

h99 

62 

.096 

.010 

Subtotal 

I83S 

197 

.102 

Total 

9629 

949 

.169 

TaHa  J20 

SINGLE-BULLET  HITS  AND  STANDARD  ERRORS, 

RAV  DATA 

Rub 

Squad 

Sum  o> 

liolea  iquaraa 

counted,  4  Z42 

*  * 

*  -  2S 

Day-Slltln|  Condition 

1 

A 

90 

186.8 

-6.6 

3 

B 

lOS 

201.6 

8.2 

29 

A 

197 

293.8 

80.2 

r 

B 

144 

240.6 

47.2 

34 

C 

111 

:C7.6 

14.2 

36 

D 

61 

177.6 

-15.6 

96 

C 

100 

196.8 

3.2 

60 

D 

120 

216.6 

23.2 

69 

E 

201 

296.8 

105.2 

67 

F 

106 

201.8 

8.2 

Subtotal 

1219  199,621 

48.4 

2183.0 

247.0 

Day-Standlnc  Condition 

9 

A 

61 

107.8 

94.4 

29 

A 

106 

134.6 

61.4 

36 

C 

no 

136.6 

63.4 

62 

c 

103 

119.6 

78.4 

Subtotal 

402  40,934 

13.3 

906.4 

286.8 

W|bt-ntUac  Condition 

7 

B 

93 

74.8 

31.2 

31 

B 

41 

82.6 

19  1 

40 

D 

27 

48.6 

9.2 

64 

n 

49 

te.8 

23.1 

Subtotal 

106  7,244 

10.9 

163.2 

79.6 

Tota. 

1763  217,249 

46.9 

*  ii/t-  -  ii  ll-*’  -  KrM’/.il. 
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T*Ue  J31 

SINGLE-BULLET  HJT8  AND  BTANDAKO  ERROM. 
ADJUSTED  DATA 


Run 

Squad 

HIU 

adjusted,  A 

Sum  of 
squares 

14  > 

4  +  23 

4-2.4 

Day-8lttlat(  CoadltloB 

1 

A 

»1 

188.0 

16  0 

3 

B 

108 

163.0 

33.0 

2S 

A 

157 

232.0 

82.0 

a? 

B 

132 

207.0 

57.0 

34 

C 

110 

185.0 

35.0 

:te 

0 

71 

146.0 

-4.0 

c 

90 

166.0 

15.0 

fO 

0 

121 

196.0 

46.0 

S£ 

E 

200 

275.0 

125.0 

67 

F 

100 

175.0 

25  0 

SubtoUt 

1180 

151.900 

37.3 

>930.0 

430.0 

Day-Standlac  Condition 

5 

A 

78 

111.8 

44  2 

2» 

A 

117 

150  8 

83.2 

38 

C 

109 

142.6 

75.2 

82 

C 

99 

132.8 

65.2 

Stibloul 

403 

41.4SS 

16.9 

538.2 

267.8 

Nljdit-Slttinf  Condition 

7 

B 

56 

60.6 

31.4 

31 

B 

42 

66.6 

17  4 

40 

D 

26 

50.6 

1  4 

64 

0 

42 

66.6 

17.4 

5iibCat«l 

166 

7,340 

12.3 

264.4 

67.8 

Total 

1749 

200,695 

42  5 

-  HA,  -  ui{z**  -  !(r*)V.|) 


ORO-T-378 


151 


CONFIDINIIAL 


CONFIDENTIAL 


TtUa  J22 

DUPLEX  HITS  AKD  STANDARD  ERItORS. 
RAW  DATA 


Sum  of 
Holet  M|u*r«a 

Run  Squid  counted,  4  1**  S  *  +  2S  *  —  2  V 


0iy-8Uun|  Condtllon 


2 

A 

166 

264.0 

68.0 

i 

B 

170 

268.0 

72.0 

33 

C 

159 

2S7.0 

61.6 

3S 

D 

132 

230  0 

34.0 

57 

C 

209 

3*7.0 

lll.O 

59 

D 

195 

293.0 

97.0 

66 

C 

292 

390.0 

194.0 

66 

F 

160 

258  0 

62.0 

SubtoUl 

1493 

291,731 

49.0 

2367.0 

699  0 

Day-SUmUnK  Condition 

6 

A 

190 

225.4 

154.6 

37 

C 

187 

222.4 

151.6 

61 

c 

158 

193.4 

122.6 

Subtotil 

535 

96.033 

17.7 

641.2 

428.8 

Nlglit-SlttinK  Condttton 

? 

B 

44 

119.6 

-31.6 

39 

O 

43 

118.6 

-32.6 

63 

D 

109 

184.6 

33  4 

SuMotll 

196 

15,886 

37.8 

422.6 

-30.8 

ToUl 

2214 

403,430 

64  0 

•  <2  -  11A»  -  -  !(2gV,i}. 
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TmkU  J23 

DUPLEX  HITS  AND  STANDAHC  ERRORS,  ADJUSTED  D4TA 


Rtm 

Squad 

HIU 

adJuaUd,  * 

ium  ot 

I** 

5* 

k  *  2S 

*  -25 

Day-itltlac  Coaditloa 

2 

A 

164 

241.4 

70.4 

4 

B 

144 

253  4 

42.4 

U 

C 

1S4 

244.4 

4.«.4 

34 

0 

123 

216.4 

27.4 

47 

c 

214 

304.4 

114.4 

44 

0 

201 

244.4 

104.4 

44 

E 

276 

371.6 

140.4 

48 

r 

1S4 

241.4 

40.4 

Subtotal 

1448 

273.074 

47.8 

2212.6 

443.2 

Day-Standlaa  Conditioa 

4 

A 

182 

229.0 

134.0 

37 

c 

143 

240.0 

144.0 

41 

c 

146 

144.0 

101.0 

Subtotal 

523 

42.277 

23.5 

044.0 

342.0 

Nifbt-SlttlBg  Condttlos 

4 

B 

44 

124.4 

-34.4 

34 

0 

41 

121.4 

-39.4 

63 

D 

112 

192.4 

31.4 

Subtotal 

147 

14,141 

40.2 

438.2 

-44.2 

ToUl 

2148 

386.512 

62.5 

■.s»  -  il/(«  -  -  1(1*1*/")}. 


Tabu  J34 

TRIPLEX  HITS  AM)  STANDARD  ERRORS.  DAY-81TTINC  CONOmON,  HAS  DATA 


Run 

Squad 

Holaa 
couatad,  * 

of 

aqptai^M 

X*> 

*  *  2S 

*-  2S 

24 

A 

301 

442.4 

159.4 

24 

B 

201 

342.4 

59.4 

Total 

502 

131.002 

70.7 

784.6 

219.2 

•  •i*  •  ll/(,  -  1(({I**  -  l(I*)’/«l}. 


Tab).  J2S 

TRIPLEX  RITS  AND  STANDARD  ERRORS,  DAY-SITTING  CONDITION,  ADJUSTED  DATA 


Ruti 

Squad 

iru 

adjuatsd, * 

Sum  o( 

aquaraa 

X*> 

S* 

*  »  21 

*  -  2  .S 

20 

A 

309 

497 

121 

28 

B 

176 

344 

-12 

ToUl 

445 

124,457 

94.0 

441 

109 

• - )(/(,  -  Dili"*  -  Id*)*/.)}. 
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Taht*  J2$ 

CAMBOn  AUTOMATIC  KITI  AKD  ITAlIDAflO  ERftORa, 
RAW  DATA 


nun 

Sum  of 

Holoa  iquarau 

Squad  oouatuo,  t  X4> 

s“ 

k  *  2S 

k  -  25 

Oay-Stttliic  Coadltlua 

20 

A 

ITS 

288.8 

88.4 

18 

B 

114 

184.8 

33.4 

41 

D 

88 

188.8 

5.4 

.«  42- 

c 

I0« 

188.8 

25.4 

Subtotal 

488  84.888 

40.3 

807.4 

182.8 

Day-Standlfig  Coadltlon 

45 

o 

88 

173.4 

-41.4 

22 

B 

142 

249.4 

34.6 

Subtotal 

208  24 ,520 

53.7 

422.8 

-e.B 

NI|^t-SltUii(  CondlttoB 

24 

A 

28 

30.i. 

21.78 

47 

c 

23 

27.24 

18.78 

Subtotal 

48  1  :<« 

2.12 

57.48 

40.52 

Total 

742 

54.2 

- 

li/(.  -  iiiii;** 

-UIMV.]}. 

CARBINE 

Tabla  J27 

AUTOMATIC  HITS  AND  STANDARD 
ADJUSTED  DATA 

ERRORS, 

Hua 

Squad 

Hlta 

adJuatod.A 

■tiai  of 
aquarau 

Z** 

S* 

k*t$ 

k  -  25 

Day-8litla(  CoBdltioa 

20 

A 

173 

287.0 

78.0 

18 

B 

108 

202.0 

14.0 

41 

0 

88 

183.0 

-35.0 

43 

c 

102 

188.0 

8.0 

Subtotal 

442 

58,478 

47.0 

818.0 

88.0 

Day-SUodItm  Coadltlon 

48 

D 

88 

201.8 

-83.8 

22 

B 

180 

302.8 

17,2 

Subtotal 

118 

28,(81 

71.4 

504.8 

-48.8 

Nlfbt-SItUic  Cooditioa 

24 

A 

28 

34  4 

IT.S 

47 

C 

22 

40.4 

23.8 

Subtotal 

58 

1,700 

4  2 

74  8 

4>.2 

Total 

718 

88,281 

U.8 

•  •  n/(.  - 
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TUile  JM 

CARBINE  SEMUUTOMATIC  HITS  AND  STANDARD 
ERRORS,  RAW  DATA 


Rub 

Squad 

Sum  at 

Holea  aquaraa 

couatod,  t  Zl* 

S* 

t  *  2  .S 

*-2S 

Day-SlttlB(  Coadltlou 

17 

B 

178 

222 

134 

19 

A 

136 

179 

91 

42 

D 

171 

215 

127 

44 

C 

164 

228 

140 

Subtotal 

668  113,006 

22.0 

644 

492 

Day-8Undia(  Condltioe 

21 

B 

202 

282.6 

121  4 

46 

D 

14S 

225.6 

64.4 

Subtotal 

347  61,829 

40.3 

608.2 

186.6 

Niffat-Slttlng  Condition 

23 

A 

42 

77.4 

8  8 

48 

C 

17 

62  4 

-16  4 

Subtoul 

68  2,063 

17.7 

129  8 

-11.6 

Tout 

1074  17  6,888 

88.4 

•>1  . 

tl/(r  -  1)1{E/, 

*  -  UlM*/.)} 

CARBINE 

Table  J29 

SEMUDIOMATIC  HITS  AFR)  STANDARD 
ERRORS,  /JWV3TED  DATA 

Run 

Squad 

HI  la 

adjuated,  t 

Sum  ol 

squjrM 

rt* 

>■ 

4*2** 

A  -  2^ 

Day-Sfulnf  Condltloa 

17 

B 

177 

”21.6 

132.4 

19 

A 

136 

179.8 

10.4 

42 

O 

179 

223.6 

131.4 

44 

C 

162 

226  6 

137.4 

SubtoUl 

673 

114,719 

22. 

861  4 

494.6 

Dny-BUndlng  Condlllofi 

21 

B 

213 

317.6 

106.4 

46 

D 

139 

243.6 

34  4 

OuMotd 

362 

64,690 

52 

3 

561  2 

142.6 

Nli^-I 

nttlai  Coadittoa 

23 

A 

M  i 

-41.2 

46 

C 

13 

68  2 

-.”1  2 

Subtoul 

56 

2.194 

22 

s 

t48.4 

42  4 

Tout 

1063 

181.603 

70 

7 

*  - 11  '(I  -  ni(n>  -  HIM*  '^1 
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T«bU  J30 

T«S  AUTOMATIC  HITS  AND  8TANUAHD  EHKORS 
MAW  DATA 


Run 

Squftd 

Hot«t 

counted. 

Bum  ul 
aqi'area 
t  ZK‘ 

•  »  2S 

A  -  ^  'I 

Day-Bitting  CoBdlllon 

10 

3 

58 

105.08 

88.93 

13 

A 

103 

131.08 

83.92 

D 

86 

105  08 

88.92 

51 

C 

103 

123.08 

83.92 

SubCoifll 

377 

35,805 

9 

453 .32 

300.88 

Day 

-SUnllaK  Coadttloo 

14 

B 

91 

133.9 

58.4 

j3 

D 

68 

100.6 

35. 4 

Subtotal 

153 

1^.905 

18.3 

334.3 

93.8 

Ntghi-SIttInK  Comlltlon 

IS 

A 

75 

97.8 

52  4 

55 

C 

5» 

81  8 

36.4 

Subtotal 

134 

9,108 

11.3 

179.2 

88.8 

TuUl 

870 

57  ,818 

15.6 

1* 

-  1| 

li  I*!-  -  nZ.1 1 

Table  J3l 

T48  AUTOMATIC  HITS  AND  STANDARD  CRROHS. 
ADJUSTED  DATA 

Hun 

Oum  ot 

Hlta  aquare* 

Squad  adjualad,4  Zk^ 

i*  t  ♦  2 .1 

t  -2S 

D>y-SlttlBc  ConUtlon 


10 

B 

88 

101.8 

70  2 

12 

A 

104 

119.8 

88  2 

49 

n 

92 

107.8 

78.2 

51 

c 

99 

114.8 

83.2 

Sulaotal 

381  38.477 

7.» 

444  2 

317.8 

Dny-Btaodlog  CouJiUoo 

14 

B 

91 

138.2 

45.8 

53 

D 

59 

104  2 

13.8 

MXotal 

150  11.763 

22.1 

240  4 

89  8 

NIgbt-Staadlag  CntuUtlua 

18 

A 

78 

191  4 

50  « 

55 

C 

58 

93.4 

32.8 

Subtotal 

134  9,140 

11  1 

114  9 

U  1 

Total 

185  57  379 

17  3 

•  •  HiH 

-  1| 

I-  -  Itl-I  *1 
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Table  J''* 

T48  SEMIAUTOMATIC  HITS  AMD  3TANUARD  ERHOHS, 
RAW  DATA 


» 


Run 

Squad 

HoUs 
eountnd,  K 

Su  ’jn  cd 

aq^ras 

r** 

4*25 

k  -  2S 

Dsy-Stttlog  CoiM^lUaa 

9 

B 

»7 

139 

55 

It 

A 

143 

185 

101 

50 

D 

127 

169 

65 

52 

C 

140 

162 

96 

SubttiUl 

5Cf7 

65,587 

31. i) 

675 

339 

Day'-RUmllRf  C*^ndltl^n 

13 

B 

137 

139  72 

114  38 

54 

D 

118 

130.72 

105.28 

SubtuU  1 

245 

3C.07J 

V.36 

27  0  44 

319  56 

NlK*!t-Bttttnf  Coi-dltlon 

13 

A 

HS 

89.34 

8U.76 

56 

c 

82 

««  24 

77.76 

*■  'ocal 

167 

13.94<» 

2.12 

175.48 

158.52 

ToUl 

910 

109.569 

74  0 

a  j  _ 

(I/<-  -  l)l{l* 

Table  J33 

T48  SEMIAUTOMATIC 

HITS  AND  6Ta  NDARD 

ERROK6. 

ADJUSTED  DATA 

Sum  o( 

Run 

Squad 

HiU 

adjuated ,  • 

aqtiarei 

I  ** 

4  *  2> 

4-3' 

Du.,-S)ttlii6  CondHIor 

9 

B 

111 

150.4 

71  6 

11 

A 

157 

196  4 

1 17  6 

50 

D 

144 

183.4 

104.6 

52 

C 

130 

186.4 

9U.6 

Subiota! 

543 

74,606 

19  7 

69t.6 

384.4 

Day  SUrvIlnc  Condition 

13 

B 

U’ 

163.2 

69.6 

54 

□ 

109 

140  2 

77.6 

Sttbtoiai 

340 

26.042 

15  6 

3QC.4 

177.6 

NIShi' 

'BllllnC  Conxion 

15 

A 

as 

66  3 

96  a 

56 

( 

•a 

66  3 

77,6 

Subl44al 

la* 

11.946 

:  1 

I"'.  4 

156.6 

949 

ir  *r 

It  a 

-p 

-  lllft 

•1  1 
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The  other  value  of  i  =  9.56  shown  in  Table  J34  is  the  test  for  mean  differ¬ 
ences  oi  pairs  of  correlated  data,  and  is  calculated  as  the  ratio  of  the  mean 
difference  to  the  estimated  standard  error  jf  this  mean  difference.  The  value 
of  I  «  9.56  for  the  7  degrees  of  freedom  available  is  significant  at  about  the  0  1 
percent  level.  Both  these  tests  constitute  strong  evidence  that  the  increase  of 
duplex  over  single- bullet  ammunition  in  total  hits  for  day-sitting  runs  is  a  real 
effect.  It  will  be  observed  that  the  Increase  of  total  hits  in  this  sample  is  over 
50  percent. 

In  Table  J36  the  total  hits  for  all  the  duplex  and  single- bullet  runs  are 
compared,  and  the  same  type  (  tests  calculated  as  explained  previously  for 
Table  J34. 


Table  J34 

SLNGLE-BULLET  AND  DUPLEX  HITS,  DAY  SITTING,  RAW  DATA 


Squud 


Run 


Single  bullet 

Duplex 

Duplex  minus 

Holes  counted 

Run 

1  Holes  counted 

single  bullet 

A 

t 

90 

2 

166 

76 

B 

3 

105 

4 

170 

65 

A 

25 

157 

— 

— 

B 

27 

144 

— 

— 

— 

C 

34 

111 

33 

159 

48 

D 

36 

81 

35 

132 

51 

C 

5H 

100 

57 

209 

109 

D 

60 

120 

59 

19."> 

75 

E 

65 

202 

66 

292 

90 

F 

67 

105 

68 

160 

55 

No.  of  runs 

10 

8 

8 

Sum  (holes  counted) 

1,215 

1,483 

569 

Mean 

121.5 

185.4 

71, 

Sum  ctf  squares 

159,621 

291,731 

43,537 

Item 


Dlff.ircn-e  of  means  Mean  difference 


i  3.18  9.56 

Degrees  of  freedom  16  7 

Approximate  significance  level,  %  1  O.l 


Even  with  the  reversal  for  one  pair  of  runs  for  night -sitting  condition, 
where  more  hits  were  scored  with  the  single-bullet  than  with  duplex  ammuni¬ 
tion  (shown  in  Table  J36),  the  two  vaiue.«f  fort  of  3  12  f30  degrees  of  freedom) 
and  7.33  (13  degrees  of  freedom)  give  strong  evidence  that  the  average  Increase 
(over  5u  percent)  for  total  hits  in  all  duple.r  runs  over  ail  single-bullet  runs  is 
a  real  effect. 

Table  J38  shows  the  results  of  significance  tests  in  comparing  triplex 
with  duplex  and  single-bullet  ammunitions  in  total  hits.  There  are  only  two 
triplex  runs,  which,  of  course,  is  a  very  small  sample.  When  compared  with 

2S8  onO-T-37« 


CCNFIDENTIAL 


CONFIDENTIAL 


the  two  corresponding  single-buliet  nms,  even  though  there  is  an  average  in¬ 
crease  of  nearly  70  percent  in  total  hits  for  triplex,  the  difference  is  significant 
at  only  about  the  20  percent  level.  When  the  average  of  the  2  triplex  runs  is 
compared  with  the  average  of  the  10  single-bullet  day-sitting  runs  and  8  duplex 
day-sitting  runs,  it  is  found  that  the  corresponding  (  values  are  significant  at 
about  the  0.2  percent  level  and  the  15  percent  level.  This  is  strong  evidence 
that  triplex  ammunition  Is  superior  to  the  single-bullet  ammunition,  but  not 
very  strong  evidence  that  triplex  ammunitlc..  Is  really  superior  to  duplex  ammu¬ 
nition  in  total  hits.  The  relative  increase  of  triplex  over  duplex  ammunitions 
total  hits  is  over  30  percent,  and  if  this  held  for  a  few  more  triplex  runs  the 
significance  of  the  difference  would  increase  rapidly. 


Table  J35 

SINGLE-BULLET  AND  DUPLEX  HITS,  DAY  SITTING,  ADJUSTED  DATA“ 


Squad 

Single  bullet 

Duplex 

Duplex  minua 
a  ingle  bullet 

Run 

Hits  aojuated  | 

Run 

Hits  adjusted 

A 

1 

91 

2 

166 

75 

B 

3 

108 

4 

158 

50 

A 

25 

157 

— 

-- 

— 

B 

27 

132 

— 

— 

-i- 

C 

34 

110 

33 

154 

44 

D 

3b 

71 

35 

123 

52 

C 

58 

90 

57 

214 

124 

D 

60 

121 

.59 

201 

80 

£ 

65 

200 

66 

276 

76 

F 

67 

100 

68 

156 

56 

No,  of  runs 

10 

8 

8 

Sum  (hits  adjusted) 

1,180 

1,448 

557 

Mean 

118 

181 

69.6 

Sum  of  aquarea 

151,900 

278,074 

*  t  (difference  of  two  means  assuming  equal  variance)  3.14 
Degrees  of  freedom  16 
Approximate  aigniflcsnce  level  1% 


COMPARISON  OF  AUTOMATIC  AND  SE\UAUTOMATIC 
CARBINE  AND  T48  FIRING 

Table  J40  is  a  summary  of  the  analysis  of  the  hit  probabilities  from  the 
16  day -sitting  runs,  which  are  balanced  with  respect  to  the  (our  average  squads 
and  the  four  types  of  fire:  carbine  automatic,  carbine  semiautomatic,  T48  auto¬ 
matic,  and  T48  semiautomatic.  Table  J40  shows  that  the  semiautomatic  fire  for 
both  the  carbine  and  the  T48  is  consistently  better  than  the  automatic  fire.  The 
hit  probabilities  for  the  two  types  of  semiautomatic  fire  are  not  very  different, 
but  on  the  average  they  are  more  than  twice  the  correapondir^g  value  (or  the 
automatic  fire.  It  might  be  concluded  without  further  analysia  that  automatic 
fire  is  inferior  to  aemlautomatic  fire  as  far  as  hit  probat^ilvies  are  concerned. 
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Table  J36 

SINGLE-BULLET  AND  DUPLEX  HITS,  ALL  KUNS,  HAW  DATA 


Squad 

Single  bullet 

Duplex 

Duplex  minus 
single  bullet 

Run 

Holes  cou  ited 

Run 

Holes  counted 

Day  Sitting 

A 

1 

90 

2 

166 

76 

B 

3 

105 

4 

170 

65 

A 

25 

157 

— 

— 

— 

B 

27 

144 

C 

34 

111 

33 

159 

48 

D 

36 

81 

35 

132 

51 

C 

58 

100 

57 

209 

109 

D 

60 

12C 

59 

195 

75 

E 

65 

202 

66 

292 

90 

F 

67 

105 

68 

160 

55 

Day  Standing 

A 

5 

31 

6 

190 

109 

A 

29 

108 

— 

— 

— 

C 

36 

110 

37 

187 

77 

C 

62 

103 

61 

158 

55 

Night  Sitting 

B 

7 

33 

8 

44 

-9 

B 

31 

41 

— 

— 

— 

D 

40 

27 

39 

43 

16 

D 

64 

45 

63 

109 

64 

No.  of  runs 

18 

14 

14 

Sum  (hold  countedl 

1,783 

2,214 

881 

Me~.n 

99.03 

158.14 

62.9 

.xim  of  squares 

207,799 

403,430 

68,805 

Item 

Difference  of  means 

Mean  difference 

r 

3.12 

7.33 

Degrees  oi  freedom 

30 

13 

Approximate  significance  level,  *1 

1 

0.1 

2«0 
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Table  J37 

SINGLE-BULLET  AND  DUPLEX  HITS,  ALL  RUNS,  ADJUSTED  DATA® 


Squad 

Single  bullet 

Duplex 

Duplex  minua 
aingie  bullet 

Run 

Hita  adjusted 

Run 

Hita  adjusted 

Day  Sitting 

A 

1 

91 

2 

166 

75 

B 

3 

108 

4 

158 

50 

A 

25 

157 

— 

— 

— 

B 

27 

132 

— 

— 

— 

C 

34 

no 

33 

154 

44 

D 

36 

71 

35 

123 

52 

C 

58 

90 

57 

214 

124 

D 

60 

121 

0 

201 

80 

E 

65 

200 

66 

276 

76 

F 

67 

100 

68 

156 

56 

Day  Standing 

A 

5 

78 

6 

182 

104 

A 

29 

117 

— 

— 

— 

C 

36 

109 

37 

193 

64 

C 

62 

99 

61 

148 

49 

Night  Sitting 

B 

7 

56 

8 

41 

12 

B 

31 

42 

— 

— 

— 

D 

40 

26 

39 

41 

15 

D 

84 

42 

63 

112 

70 

No.  of  runs 

18 

14 

14 

Sum  (hits  adjusted) 

1,749 

2,168 

891 

Mean 

97.17 

154.86 

63.64 

Sum  of  aqua  res 

200,695 

368,512 

®  ■  ‘Hcfference  of  means)  3.11 
Degrees  of  freedom  30 
Approximate  elKnificancv  level 


'1'  •'ta 

W  1  —V  IM 
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Tabic  J38 

TRIPLEX.  SINGLE-BULLET,  AND  DUPLEX  HITS.  DAY  SITTING,  RAW  CATa® 
A  Trlpb*,..  with  Corresponding  Single- Bullet  Hits 


S(]uad 

1 

Single  bullet 

1  Triplex 

Triplex  minus 
single  bullet 

[  Hun 

Holes  counted 

Run 

Holes  counted 

A 

25 

'  157 

26 

301 

144 

B 

27 

144 

28 

201 

57 

No  of  runs 

2 

2 

2 

Sum  (holes  counted) 

301 

502 

201 

Me«n 

150.5 

251 

100.5 

Sum  of  squares 

45,385 

131,002 

23,985 

a 

t  (difference  of  means)  2.31 
DcKrees  of  freedom  1 
Approximate  significance  level  20% 

B.  Triplex  with  Averages  of  Duplex  and  Single-Bullet  Hits 


Item 

Duplex 

Triplex 

Single  bullet 

Runs  1  Holes  counted 

Runs 

Holes  counted 

Huns 

Holes  counted 

Total 

Mean 

Sum  of  squares 

8  1,483 

185.4 

291 ,731 

2 

502 

251 

131,002 

10 

1,215 

1 21 .5 
159,621 

Triplex  compared 


Triplex  CL  m  pa  red 

to  slnglc-bullct 

Item 

to  duplex  means 

means 

1  59 

4.05 

Degrees  of  freedom 

8 

10 

Approximate  significance  level.  % 

15 

0.2 
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Table  J39 

TRIPLEX.  SINGLE-BULLET,  AND  DUPLEX  HITS, 
DAY  SITTING.  ADJUSTED  DATA® 


A.  Triplex  with  Correapondlng  Single- Bullet  Hite 


Squad 

Single  bullet 

Triplex 

Triplex  minus 
single  bullet 

Run 

Hits  adjusted 

Run 

Hits  adjusted 

A 

25 

157 

26 

309 

152 

B 

27 

132 

28 

176 

44 

No.  of  runs 

2 

2 

2 

Sum  (hits  adjusted) 

289 

485 

196 

Mean 

144  5 

242.5 

98 

Sum  of  squares 

42.073 

126.457 

25,040 

a 

I  (difference  of  meana)  i  .77 
Degreea  of  freedom  1 
Approximate  signlficaace  level  ^3% 


B.  Triplex  with  Averages  of  Duplex  and  Single-Bullet  Hits 


Item 

Duplex 

Triplex 

Single  bullet 

Kuna 

1  Hits  adjusted 

Runs 

Hits  adjusted 

Runs 

Hits  adjusted 

Total 

8 

1,448 

2 

485 

to 

1,180 

Mean 

181 

242.5 

118 

Sum  of  squares 

278,074 

126,457 

151,900 

Item 

Triplex  compared 
to  duplex  means 

Triplex  compared 
to  single-bullet 
means 

t 

1  40 

3  47 

Degrees  of  freedom 

10 

Approximate  significance  level,  % 

20 

0  8 
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Comparison  of  the  four  squads  shows  that  the  mean  hit  probabilities  are  prac¬ 
tically  the  same  for  Squads  A  and  C  and  also  for  Squads  B  and  D.  It  Is  ques¬ 
tionable  whether  Squads  A  and  C  are  really  Inferior  to  Squads  B  and  D.  Analysis 
of -variance  calculations  may  shed  lighten  this  question. 

The  assumptions  made  In  applying  analysis  of  variance  to  any  rectangular 
array  (which  covers  the  tables  of  this  section)  are  briefly  as  follows: 

-  C  +  a,  +  .  'i/  (J5) 


where  x,, 

C 


the  entry  for  the  ith  row  and  jth  column 
a  constant 

the  effect  of  the  ith  row 
the  effect  of  the  (th  column 
a  normally  distributed  random  error 


Expressed  In  words,  this  assumption  Is  simply  that  the  entries  In  the 
rectangular  array  are,  except  for  random  error,  additive  functions  of  the  vari¬ 
ables  represented  by  the  rows  and  columns.  Any  departure  from  additivity  of 
the  effects  inflates  the  error  and  decreases  the  precision  of  the  tests.  The 
assumption  that  tij,  the  random  error,  Is  normally  distributed  Is  necessary 
in  order  to  apply  the  F  test  and  establish  a  significance  level  for  rejecting  an 
hypothesis. 

The  next  assumption  Is  that  the  row  and  column  effects,  and  are 
zero.  This  Is  the  null  hypothesis— or  the  straw-man  technlqpie.  If  this  hypo¬ 
thesis  can  be  disproved,  there  Is  evidence  that  the  rows,  or  columns,  do  have 
a  real  effect. 

For  an  n  row,  m  co'umn  rectangular  array  the  total  variance  Is  subdivided 
according  to  the  following  Identity: 


»  nX  (X,  -  r)^  ♦  /» S  ( r,  -  t)*  ♦  X  (*■ 

•I  ’  ‘  /  if  ' 


{J6) 


where  ijy  »  the  entry  for  the  ith  row  and  jth  column 
I,  3  the  mean  of  the  ith  row 
ij  =  the  mean  of  the  jth  column 
f  3  the  general  mean 

The  quantity  on  the  left  In  Eq.  J6  Is  the  total  sum  of  squares  of  deviations 
from  the  general  mean,  which  Is  subdivided  into  sums  of  squares  attributable 
to  rows,  columns,  and  error.  The  degrees  of  freedom  are  mn-l,iii-l,n-l, 
and  Of  -  1)  On  -  1),  respectively,  for  the  total,  row,  column,  and  error  sum  of 
squares.  The  total  sum  of  squares  can  be  shown  to  be  equivalent  to 


X(«  )  = 
" 


-  (X  », .i*/ 


(J7) 


which  Is  more  convenient  for  numerical  calculation.  The  row  and  column  sum 
of  squares  can  also  be  calculated  more  co.nvenlently  from  the  similar  equivalent 
expressions.  The  error  sum  of  squares  can  be  calculated  directly  from  the  ex¬ 
pression  shown  In  Eq.  J6,  or  It  can  be  obtained  by  suUracting  the  sum  of  the 
row  and  column  sum  of  squares  from  the  total  sum  of  squares. 
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The  numerical  entries  In  the  analysis -of -variance  tables  in  this  section 
were  calculated  as  explained  previously.  The  F  values  are  the  ratios  of  row 
(or  column)  mean  square  to  the  error  mean  square.  Under  the  null  hypothesis 
each  of  the  three  mean  square  values  shown  in  any  one  of  these  tables  is  an 
unbiased  estimate  of  the  variance  in  the  array  from  which  It  was  calculated. 

The  F  function  is  the  ratio  of  two  unbiased  estimates  of  the  variance  of  a  normal 
distribution.  Its  mathematical  form  is  known,  and  its  ^'alues  for  various  proba¬ 
bility  levels  have  been  tabulated. 

In  the  analysis  of  variance  (Table  J40),  the  F  value  of  30.7  is  well  beyond 
the  0.5  percent  probability  level  value  of  8.7  found  in  an  F  table  for  3  degrees 
of  freedom,  it  is  estimated  that  the  30.7  is  at  about  the  0.1  percent  level.  This 
means  that  under  the  assumptions  used,  which  except  for  the  null  hypothesis 
are  believed  to  be  reasonalde  for  Table  J40,  the  probability  of  obtaining  differ¬ 
ences  as  large  as  was  found  for  type  of  fire  from  chance  variation  alone  in  an 
experiment  of  this  size  is  nc  more  than  1  in  1000.  This  is  strong  evidence  that 
the  differences  in  hit  probabilities  for  types  of  fire  shown  in  Table  J40  represent 
real  differences,  and  this  confirms  a  previous  tentative  conclusion  that  semiau¬ 
tomatic  fire  was  superior  to  automatic  fire  in  these  runs.  In  contrast,  the  F 
value  of  1.1  found  for  squad  differences  is  well  within  reasonable  sampling  vari¬ 
ation.  Hence,  there  is  no  substantial  evidence  from  the  runs  .in  Table  J40  that 
Squads  B  and  O  are  really  superior  to  Squads  A  and  C.  It  should  be  noted  that 
these  calculations  do  not  prove  there  are  no  differences  In  the  squads. 

In  Tabic  J42  a  similar  analysic  is  seen  for  hit  probabilities  from  the  eight 
day-staiiding  runs  by  Squads  B  and  D.  Again  there  is  strong  evidence  from  the 
results  of  these  nms  that  the  average  hit  probabilities  from  the  semiautomatic 
fire,  which  are  more  than  twice  corresponding  values  for  automatic  fire,  rep¬ 
resent  real  impiovements.  The  F  value  of  112  for  type  of  fire  is  at  approxi¬ 
mately  the  0.2  percent  significance  level,  and  Is  strong  evidence  for  rejecting 
the  null  hypothesis.  The  F  value  of  36.1  for  squad  differences  gives  substantial 
evidence  that  Squad  B  is  superior  to  Squad  D  in  these  day-stinding  runs. 

Table  J44  shows  the  hit  probabilities  and  analysis  for  the  eight  ni^t- 
sittlng  runs  by  Squads  A  and  C.  Again  there  Is  evidence  here  that  the  semi¬ 
automatic  fire  is  superior  to  the  automatic  fire.  This  is  consistent  for  the 
three  illumination -position  (IP)  conditions.  A  more  pronounced  effect  se«i  in 
Table  J44  is  the  superiority  of  the  T4B  over  the  carbine  firings.  This  Is  a  re¬ 
versal  from  the  results  of  the  daytime  firings,  where  the  c.‘*rbine  is  slightly 
better  than  the  T48.  There  is  no  substantial  evidence  in  Table  J44  of  real  squad 
differences,  in  fact  the  variance  estimated  from  squad  differences  is  less  than 
the  variance  estimated  from  the  error. 

The  total  number  of  holes  counted  in  the  same  16  runs  that  were  examined 
for  hit  probabilities  is  shown  in  Tables  J40  to  J45. 

Table  J46  shows  that  in  the  16  day-sitting  nms  for  both  the  carbine  and 
the  T48  rifle,  the  semiautomatic  fire  achieved  about  30  percent  more  total  hits 
than  the  corresponding  automatic  firs.  Also  there  U  evidence  here  that  the 
carbine  achieves  more  total  hits  than  the  T48  for  both  automatic  and  semiauto¬ 
matic  fire.  The  evidence  is  not  vsry  strong  that  any  of  tha  values  in  Table  J46 
represent  real  effects.  The  type-of-fire  differences  show  significance  at  only 
about  the  3  percent  level. 


ORO.T-378 


265 


CONFIDENTIAL 


(ONFiaENTiAl 


The  njtans  for  <iquad8  in  Tables  J40  aid  J41  and  J46  and  J47  are  of  Inter¬ 
est  even  though  the  differences  are  not  statistically  significant  in  these  tables. 
Squads  A  and  C  apparently  achieved  an  Increase  in  total  hits  compared  to 
Squads  B  and  D  at  the  expense  of  less  accurate  fire.  This  appears  to  be  a 
reasonable  conjecture,  but  it  cannot  be  given  as  a  substantially  supported 
conclusion. 

Table  J48  shows  the  total  hit  results  for  the  eight  day-standing  runs  by 
Squads  B  and  D.  Here  again  there  is  evidence  in  the  row  means  that  semiauto¬ 
matic  fire  achieves  more  hits  than  automatic  fire  and  that  the  carbine  achieves 
more  hits  than  the  T48.  The  row  means  are  significantly  different  at  only  about 
the  8  percent  ievei,  «*hich  is  not  considered  strong  statistical  evidence  that  the 
differences  are  real.  However,  the  relative  consistency  in  the  row  means  in 
Tables  J48  to  J51  gives  much  stronger  evidence,  when  considered  together, 
that  these  differences  represent  real  effects  than  is  available  from  one  table 
alone.  It  is  clear  that  the  consistency  in  the  tables  strengthens  the  evidence 
that  the  effects  indicated  by  the  row  means  are  real.  Methods  are  available 
for  comparing  individual  pairs  of  means  or  each  mean  with  the  general  mean. 

Tables  J48  and  J48  also  show  that  in  total  hits  Squad  B  was  superior  to 
Squad  D  in  almost  the  same  ratio  as  shown  for  the  hit  probabilities  in  Tables 
J42  and  J43.  This  difference  in  total  hits  for  the  two  squads  is  significant  at 
approximately  the  8  percent  level.  Tables  J48  and  J49  show  that  the  superior 
hit  prcbablllUes  of  Squad  B  on  these  four  pairs  of  runs  (shown  in  Tables  J42 
and  J43)  were  not  achieved  as  the  result  of  a  slower  firing  rate.  This  strengthens 
the  evidence  in  Tables  J42  and  J43  that  Squad  B  was  superior  to  Squad  D  on  these 
runs.  However,  the  fact  that  there  is  essentially  no  difference  in  the  perform¬ 
ance  of  squads  B  and  D  on  the  day-sitting  runs  (shown  in  Tables  J40,  J41,  J4C, 
and  J47)  does  not  permit  any  general  conclusion  concerning  these  two  squads. 

Tables  J50  and  J51  show  the  total  hits  for  Squads  A  and  C  in  the  four  pairs 
of  night-sitting  runs.  Again  the  semiautomatic  fire  for  both  rifles  is  superior 
to  the  corresponding  automatic  fire.  The  superiority  of  the  T48  over  the  carbine 
is  more  pronounced  for  night  firings.  This  same  superiority  of  the  T48  over  the 
carbine  in  hit  probabilities  was  seen  for  these  runs  in  Tables  J44  and  J4b.  The 
explanation  for  this  is  apparently  in  the  type  of  sights  for  Uie  two  rifles.  For 
night  firings  the  targets  cannot  be  seen  as  well  through  the  carbine  as  through 
the  T48  sight. 

Squad  A  achieved  about  25  percent  more  hits  than  Squad  C  on  these  four 
pairs  of  night  runs.  Significance  at  approximately  the  12  percent  level  is  evid¬ 
ence,  but  not  very  strong  evidence,  that  Squad  A  is  really  superior  to  Squad  C 
in  these  runs.  In  Tables  J44  and  J4S  Squad  B  is  seen  to  score  an  average  hit 
prob«bility  of  .055,  wdiich  is  about  12  percent  better  than  the  .049  scored  by 
Squad  D  on  these  runs.  This  difference  is  not  statistically  significant  even  at 
the  50  percent  level. 

From  the  foregoing  analysis  of  the  32  runs  made  using  the  carbine  or  T^S 
rifle,  the  following  conclusions  are  drawn: 

1.  The  semiautomatic  fire  for  both  the  carbine  and  T48  rifle  is  clearly 
superior  to  the  corresponding  automatic  fire  in  both  total  hits  and  hit  probabilities. 

2.  In  general  tlie  carbine  scores  slightly  better  for  daytime  runs  than  the 
T48  in  both  total  hits  and  hit  probabilities.  The  evidence  is  not  strong  that  the 
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Table  J40 

CAHBINt  AND  T4S  HIT  I’HOBABIUTII  S,  DaV-SITTINU  CUNOlrKlN.  HAW  DATA 


1 

Tv[:»c  or  fire  j 

1 

1 

i  ToMi 

Mean 

Carbine 
autuiiiatic  j 

_ 1 

Carbine 
aeml-  1 

automatic 

T48 

automallc 

T48 

aenil-  j 

aulQinattc  i 

_ 1 

T  1 

I  I 

r 

j  Hun  j 

Hun  1 

1 

P 

A 

20 

.108 

19 

.178 

12 

.097 

11 

.243 

.624 

.156 

B 

IK 

.112 

17 

.278 

10 

.104 

9 

.230 

.724 

.191 

C 

43 

•  Ofiri 

44 

.240 

51 

.093 

52 

.199 

.627 

.157 

1) 

41 

.138 

42 

.280 

49 

.142 

50 

.206 

.720 

.180 

Total 

.440 

.9«2 

.406 

2.695 

Mean 

.11225 

.2405 

.1015 

.*195 

.1684 

Analvsta  of  Variance 

Approximate 

bviurc'c  of 

Deiirees  ul 

alKnUicanee 

variation 

Sum  ol  Hquarca 

Ireedom 

Mean  aqu-are 

(■  v?Iue  level.  T 

Type  of  lir<‘ 

.MnSL' 

3 

.020594 

30.7 

.  i 

0.1 

Squada 

.00230S 

3 

.000769 

1.1 

45» 

^No  aubaiaatial  evldrnoe  ul  a  real  ei'lecl. 


Tabto  J4I 

CAHBINr  AND  TtS  HIT  BROHABlUTIr.S,  DAt-SITTlNG 
CONDITION,  ADJUSTED  DATA 


Squadti 

1 

Typo  of  lire 

Total 

Mean 

Carbine 

automatic 

Carbine 
leml  - 
autonfatic 

T48 

automatic 

T4b 

aeml- 

automatlc 

1  Uun  1 

r 

flun 

rn 

L  _ 1 

1  Hun  1 

P  1 

Run 

P 

A 

20 

.096 

19 

.178 

12 

.098 

11 

.243 

.615 

.154 

B 

18 

.120 

17 

.2>'0 

10 

.113 

.231 

.744 

.186 

C 

43 

.095 

44 

.251 

Si 

.097 

52 

.200 

.643 

.161 

D 

41 

.115 

42 

.293 

49 

.106 

50 

.222 

.738 

.185 

TtAal 

.426 

1.002 

.416 

.696 

2.740 

Mean 

.<0«5 

.2  05 

.1040 

.2240 

.1  .> 

Analvala  ol  Variance 


Source  of 
varlatluB 

bum  of  aifuarra 

Dcfreea  of 
Ireedom 

Mean  aquari 

A(>proximate 
titilfirar  e 
f  value  level  1 

Type  o'  lire 

.071113 

3 

.023704 

33.5 

■o.i 

Squad* 

.003237 

3 

,06107'* 

1.5 

37* 

*N»  aatnitandal  r^lilrnce  «>l  a  real  effect. 
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Table  J42 

CAKBU»E  AND  T48  MIT  PHOBABIUTIES,  DAY-flTANDING  CONDITION,  RAW  DATA 


Squada 

1  Type  of  fire 

Total 

1 

Mean 

Carbine 

automatic 

Carbine 

aeml- 

automatlc 

T48 

automatic 

T48 

aeml* 

automatic 

Hue  [  r 

Run 

P 

Kuo 

Hun 

f* 

B 

22  .086 

21 

.205 

14 

.080 

13 

.173 

.563 

.141 

D 

45  .060 

46 

.17* 

53 

.049 

54 

.138 

.427 

.107 

Total 

.146 

.384 

.148 

.312 

.990 

Mean 

.073 

182 

.074 

.156 

.124 

Anilysla  of  Varlaoce 


Source  of 
variation 

Sum  of  squarea 

Desreea  of 
freedo.n 

Mean  ai{uare 

b'  value 

Approximate 
alKnIfIcaace 
level.  1 

Type  of  fire 
Squada 

.021498 

.002312 

3 

1 

.007166 

,002312 

112 

36.1 

0.2 

1 

Table  J43 

CARBINE  AND  T48  HIT  PHOBABIUTIES,  DAY-«TAM><NG 
CONDITION,  .UXI'JSTED  DATA 


Squada 

Type  of  fire 

Total 

Mean 

Carbine 
aoto  malic 

Carbine 

aeml- 

automatlc 

T46 

automatic 

T48 

aeml- 

autumatlc 

1  Run  1 

P 

Run 

P 

Run 

Hun  f 

B 

22 

.067 

21 

.204 

14 

.089 

13  .172 

.562 

.1405 

O 

45 

.064 

46 

179 

S3 

.846 

54  .135 

.424 

.106 

Total 

.151 

.363 

.145 

.307 

.966 

Mean 

.0755 

.1015 

.0725 

.1538 

.123 

Aailyala  of  Variance 


Source  of 
variatloa 

Sum  of  aquarea 

Oefreea  ol 

freedom 

Mean  aquare 

f  value 

Approxlcmte 

alsalficaaee 
level.  1 

Type  of  fire 

.020958 

3 

.006153 

73.2 

0.4 

.002391 

1 

.002391 

ts.i 

I.B 

2M 
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Table  JH 

CARBINE  AND  T48  HIT  RHOBABiUTIES.  NICHT-SITTINO  CONDITION.  RAW  DATA 


Squada 

T>-po  of  fire  j 

Total 

Mean 

CarbiOf 
auli;  matte 

Carbine 

aaml- 

eutomatlc 

T48 

autunial.tc 

T48 

aeml- 

aulumatlc 

j  Hun  1 

P 

Run 

B 

Run 

B 

Run 

P 

A 

24 

.018 

22 

.041 

18 

.062 

15 

.lot 

.220 

.v55 

C 

47 

.028 

46 

.021 

03 

.064 

66 

.0»6 

.117 

.049 

Total 

.044 

.082 

.106 

.MS 

.417 

Mean 

.022 

.031 

.063 

.1025 

.0S2 

Analyala  of  Variance 

Source  of 
variation 

Sum  of  aquarea 

Degreen  of 
freedom 

Mean  aquare 

f  value 

Approxlin':le 
algnlflcance 
level.  % 

Type  of  fire 

.007786 

3 

.002596 

3i.«4e 

1 

Squada 

.000072 

1 

.000072 

.878 

48* 

Sio  aubaUntlat  evldenoe  of  ■  real  •ffcct. 


Table  J4& 

CARBINE  AND  T48  HTT  PP.OBABIUTIES,  NIGHT-firTTINC 
CONDITION.  ADJUSTED  DATA 


Type  of  flra 

- 1 

i 

Total 

Mean 

Carbine 

automatic 

Carbine 

aeinl* 

automatle 

T48 

automatic 

T48 

aeml- 

automatlc 

Rub 

B 

Run 

B 

Run  j 

[ 

t  ' 

Rua 

P 

A 

24 

.018 

23 

.039 

16 

.061 

16 

.109 

.217 

.04426 

C 

47 

.026 

48 

.019 

r  ^ 

.064 

60 

.9M 

.194 

.049 

Total 

.044 

.066 

.107 

.104 

.413 

Mean 

.022 

.029 

.0636 

.102 

.061628 

Aaalyala  of  Variance 

Appreximaie 

Source  of 

Oegreea  of 

eIgnUieeace 

vnrlatloa 

Sum  of  aquarea 

freedom 

Maaa  aquare 

f  valua  level  9 

Typo  of  flra 

.007641 

1 

1 

.M9030 

37.292 

1.3 

Squada 

.000066 

1 

9.S7J 

.^a 

evldaace  of  a  r>at  effeM 
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Tabic  J4C 

CARBINE  AND  KS  TOTAL  HITS.  DAY -SITTING  CONDITION,  HAW  DATA 


r  - 1 

1  Type  of  fire  | 

r  . 

Tolil 

Ueao 

Carbine 

automatic 

Carbine 

aeml- 

automatlc 

T49 

automatic 

T48 

aeml- 

automatlc 

Run 

HIta 

Hun 

Hlta 

1  Hun 

Hlta 

Run 

Hlta 

A 

20 

170 

19 

135 

12 

102 

11 

143 

559 

139.75 

B 

18 

U4 

17 

178 

10 

86 

9 

97 

475 

118,75 

C 

43 

106 

44 

184 

51 

103 

52 

140 

533 

133.25 

D 

41 

88 

42 

171 

49 

86 

50 

127 

470 

117.5 

Total 

485 

668 

377 

507 

2037 

Mean 

121.25 

167 

94.25 

126.75 

127.3125 

Anilyili  of  Varlaace 


Source  of 
variation 

Sum  of  aquarea 

Dofreea  of 
freedom 

Mean  square 

>  value 

Approximate 
algnlflcance 
level.  % 

Type  of  fire 

10,821 

3 

3807 

5.03 

3 

Squada 

1,438 

3 

479 

0.67 

*No  evidence  uf  a  real  effect. 
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Table  J47 

CARBINE  AND  T48  TOTAL  HITS,  DAY-SITTING  CONDITION,  ADJUSTED  DATA 


Squada 

Type  of  fire 

Total 

1 

Mean 

1 

Carbine 

automatic 

Carbine 

aeml- 

automatlc 

T48 

Hutomatlo 

1 

T48 

aeml- 

automatic 

Run 

Hill 

1  Run  1 

Hlta 

- 1 

Run  1 

HIU 

Rua 

Hite 

A 

20 

173 

19 

135 

12 

104 

11 

157 

569 

142.25 

B 

18 

106 

17 

177 

10 

96 

9 

111 

482 

120.50 

C 

43 

102 

44 

182 

51 

99 

52 

130 

513 

128.25 

D 

41 

59 

42 

179 

49 

92 

SO 

144 

474 

118.50 

ToUl 

442 

673 

381 

542 

2038 

Mean 

110.50 

188.26 

95.26 

13u.50 

127.3.S 

Analyala  of  Variance 

A(X>roxlmate 

Source  of 

Oefcreea  of 

algnlflcance 

variation 

Sum  of  aquarea 

freedom 

Mean  aquare 

f  value 

leval,  % 

Type  of  fire 

12.214 

3 

4071 

4.52 

4 

Squade 

1,392 

3 

464 

0.52 

*No  evidence  of  a  real  effect. 
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Toble  J48 

CAROINE  AND  T48  TOTAL  HITS,  DAY-STANDLNG  CONDITION,  RAW  DATA 


Tjto  ol  fire 

SquaJa 

Carbine 

autonaatlc 

Carbine 

aeml- 

automatic 

T48 

automatic 

T48 

aeml- 

autumatic 

Total 

Mean 

Run 

Hita 

Run 

Hlta 

Run 

Hlta 

Kua 

Hits 

B 

22 

142 

21 

202 

14 

SI 

13 

127 

S62 

140.5 

D 

45 

66 

46 

145 

63 

C8 

54 

118 

397 

99.25 

Total 

208 

347 

15S 

245 

959 

Mean 

104 

173.5 

79,5 

122.5 

119.875 

Analyaia  of  Varlano^ 


Source  of 
variation 

Sum  of  equarea 

Oegreea  of 
freedom 

Mtfau  liiUMre 

t  value 

Approximate 
alKnlflcBBce 
level.  % 

Type  of  f!r# 

9.529 

3 

3178 

6.72 

8 

Squatla 

3,403 

1 

3403 

7.23 

8 

Tabla  J4S 

CARBINE  AND  T48  TOTAL  HITS,  DAY-STANDING 
CONDITION,  ADJUSTED  DATA 


Squxde 

Type  of  fire 

Tout 

1 

Carbine 

automatic 

1 

Carbine 

aeml- 

automatlc 

T48 

automatic 

T48 

aeml- 

Butomatlo 

Hun 

Hlta 

1  Run  j 

HtU 

Run 

HIU  1 

Run 

B 

22 

160 

21 

213 

14 

91 

13 

131 

695 

148.76 

D 

46 

69 

46 

139 

63 

69 

64 

109 

366 

91.60 

Total 

219 

362 

150 

240 

961 

Mean 

109.6 

176 

75 

120 

130.126 

Analyala  of  Variance 

Approximate 

Source  of 

Degreea  of 

algnlficance 

variation  Sum  of  equarea 

(r  ledom 

Mean  aquare 

f  value  level,  1 

Type  of  fire 

10,542 

3 

3614 

6.18 

11.9 

Squada 

6,556 

1 

6359 

9.63 

6.6 
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CARBINE  AND  r48  TOTAL  HITS,  NlOHT-etTTlNO  CONDITION,  RAW  DATA 


Type  of  fire 

Squada 

Carbine 

automatic 

Carbine 

aeml- 

autumatlc 

Ti8 

automatic 

Ti8 

aeml- 

Butomatlc 

Total 

Meaa 

Run 

KlU  1 

Run  1 

Run  1  KIta 

Run  1  Klta 

A 

24 

26 

23 

42 

16 

75 

15 

85 

228 

57 

C 

47 

48 

17 

55 

59 

56 

82 

181 

45 

Total 

49 

89 

134 

187 

409 

Mean 

24.8 

29.  S 

67 

83.5 

51 

Analyala  n(  Variance 


Sojrce  of 
variation 

Sum  of  aquarea 

Dejreea  of 
freedom 

Mean  aquare 

f  value 

Approalmate 
algnlflcance 
level,  % 

Type  of  lire 

4954 

3 

1651 

30.6 

1 

S<)ua<1a 

286 

1 

288 

5.33 

12 

Table  JSt  • 

CARBINE  AND  Tift  TOTAL  HITS.  NIGHT-BITTINO  CONriTlON,  ADJUSTED  DATA  , 


Type  of  fire 

Total 

Carbine 

automatic 

Carbine 

aeml- 

automatlc 

T48 

automatic 

T48 

aeml- 

automatlc 

Run 

HIta 

Run 

1  HIta 

Run 

HIta 

Run 

HIta 

A 

24 

28 

23 

45 

16 

76 

15 

65 

232 

56 

c 

47 

32 

48 

13 

55 

56 

56 

62 

185 

46.25 

Total 

58 

58 

134 

167 

417 

Mean 

29 

29 

67 

83.5 

52.125 

Aoalyala  of  Variance 


Source  of 
variation 

Sum  of  aquarea 

Degreea  of 
freedom 

Mean  aquare  f  value 

Approal  mate 
algnllicaace 
level,  % 

Type  at  fire 

4656 

3 

1517  10.8 

4 

Squada 

376 

1 

276  1.97 

39* 

*No  aubataalUl  evtdeaoe  of  a  real  effect. 
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results  represent  a  real  difference  In  the  two  rifles— particularly  with  respect 
to  the  hit  probabilities. 

3.  The  T48  is  superior  to  the  carbine  for  night  firings.  This  superiority, 
at  least  for  the  target  system  used  in  this  test,  can  probably  be  attributed  to 
the  difference  in  eights  on  the  carbine  and  T48. 

4.  The  evidence  on  the  relative  skill  of  the  four  squads  (A,  B,  C,  and  D) 
is  not  conclusive.  On  the  day-standing  runs,  Squad  B’s  average  hit  probability 
of  .141  is  significantly  better  at  the  1  percent  level  than  Squad  D’s  average  of 
.i07.  However,  on  the  day-sitting  runs  Squads  B  and  D  had  almost  the  same 
average  hit  probabilities,  and  both  Squads  B  and  O  appeared  slightly  better  than 
Squads  A  and  C,  but  none  of  these  squad  differences  on  the  cUy -sitting  runs  were 
statistically  significant  even  at  the  25  percent  level.  Neither  was  the  difference 
in  hit  probability  for  Squads  A  and  C  on  the  night-sitting  runs  statistically  sig¬ 
nificant.  Thus  there  appears  to  be  no  certain  basis  from  the  results  of  these 

32  runs  for  a  difference  in  rating  of  the  four  squads  participating. 


COMPARISON  OF  SINGLE  BULLETS  AND  FLECHETTES 

In  comparing  the  two  flechette  runs  (one  day  standing  and  one  night  stand¬ 
ing)  with  corresponding  single-bullet  AP  runs,  it  is  necessary  to  balance  the 
single-bullet  Information  with  that  of  the  flechette.  The  single-bullet  runs  used 
22  targets  with  a  standard  program.  Run  69,  the  flechette  day-standing  nm, 
used  only  19  targets,  and  4  of  these  appeared  for  only  hall  the  normal  program 
time.  Table  F39  shows  the  shots- fired  information  equated  to  the  total  adjusted 
ammunition  count  of  2824.  Table  F40  follows  a  similar  pattern  in  balancing  the 
lour  single-bullet  night-sitting  runs  against  Run  70,  the  one  flechette  ulght- 
standing  run. 


Table  J52 

HIT  PROBABIUTIES  AND  STANDARD  ERRORS  OF  FLECHETTES 
COMPARED  TO  SINGLE  BULLETS 


AmmunltloD 

Firing 

niumlnation  position 

Ammunition 
count,  n 

Target 

holes 

P  ■  hole«/)i 

cr  * 

Single  bullet 

Day 

Standing 

418 

65 

.158 

.0177 

Flechette 

Day 

Standing 

264 

109 

.413 

.0303 

Single  bullet 

Sitting 

fF74 

28 

.049 

Flechette 

Standing 

289 

99 

.343 

.0279 

Table  J52  showrs  the  relative  hit  probabilities  and  standard  errors  of  single 
bullets  and  flechettes,  with  day  and  night  comparisons.  The  flechette  hit  proba¬ 
bility  is  about  three  times  that  of  the  single  bullet  for  day  comparison  and  about 
seven  tinies  that  of  the  single  bullet  for  the  night  comparison.  This  table  brings 
out  the  effectiveness  of  the  flechette  ammunition  despite  the  fact  that  only  two 
such  runs  were  carried  out. 
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Table  J53  shows  the  calculation  of  the  t  test  as  a  method  of  comparing 
the  single-bullet  and  flechette  runs.  It  Is  seen  that  this  value  of  (  (i  =  H  9)  for 
1  degree  of  freedom  Is  significant  at  approximately  the  4  percent  level.  This 
is  substantial  evidence  even  from  this  small  sample  that  the  flechette  ammuni¬ 
tion  gives  hit  probabilities  that  are  superior  to  those  obtained  with  the  single- 
bullet  ammunitloa. 


Table  J53 

HIT  FUOBABIUTIES  OF  FLECHETTES  COMPARED  TO  SINGLE  BULLETS 


Item 

HU  probabilities 

Difference 

Flechette 

Shigle  bullet 

Day  runs 

.413 

.15H 

.257 

Night  runs 

.343 

.049 

.294 

Total 

.551 

Mean 

.275 

Sum  of  squares 

.152485 

Variance  a|  u-l)l 

.000685 

Variance  (of  mean) 

.000342 

a  mean 

.0185 

t  =  .275/.0185  *  14.9,  This  value  of  t  for  1  deg  of  freedom  Is  significant  at 
approximately  the  4  percent  level. 


FIRING  POSITION  AND  ILLUMINATION 

The  three  combinations  of  firing  position  and  Illumination  In  the  SALVO  I 
experiment  were  day  sitting,  day  standing,  and  night  sitting.  Tables  J54  and  J55 
show  a  summary  of  the  results  of  34  day-sitting  runs,  15  day-standing  runs,  and 
15  night -sitting  runs,  with  each  of  these  sets  of  runs  further  subdivided  accord¬ 
ing;  to  six  types  of  fire.  The  64  r  ns  in  Tables  J54  and  J55  are  all  the  SALVO  I 
experiment  runs  except  for  the  two  triplex  and  the  two  flechette  runs. 

It  can  be  seen  from  Tables  J54  anl  J55  that  the  number  of  runs  for  each 
type  of  fire  Is  the  same  lor  day-standing  and  nlght-sittlng  firing  conditions. 
Except  for  two  additional  day-sitting  runs  for  both  the  single-bullet  and  duplex 
ammunitions,  the  number  of  day -sitting  runs  for  each  type  of  firs  Is  twice  the 
number  of  corresponding  runs  for  day  standing  or  night  sitting,  which  means 
nearly  balanced  comparisons  with  lespect  to  tlie  different  types  fire  among 
the  day-slUlng,  day-standing,  and  nlght-sittlng  runs,  even  though  the  mean 
values  for  the  day-sitting  runs  are  from  samples  about  twice  the  size  of  the 
corresponding  samples  of  day -standing  and  nlght-sittlng  runs.  It  Is  true  that 
the  effects  of  different  squads  are  not  completely  balanced  out  In  Tables  J54 
and  J55,  and  this  fact  should  be  kept  In  mind  In  drawing  conclusions  from  the 
computations  shown  in  these  tables  and  In  Tables  J56  and  J57.  H  was  shown 
earlier  that  the  only  &u‘>stantlal  evidence  of  squad  differences  supported  the 
conclusion  of  the  superiority  ofSousd  D  over  the  other  three  average  squads. 
This  superiority  of  Sqiud  D  Is  entangled  to  a  limited  extent  In  the  effects  Indi- 
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cated  in  Tables  J54  and  J55.  In  any  case  the  squad  effect  la  small,  andit  is  be¬ 
lieved  that  squad  differences  cannot  possibly  account  for  the  ntajor  differences 
shown  in  Tab'es  J54  to  J37  for  the  three  combinations  of  firin^i  positions  and 
iiiumuiAtlJn. 

Tables  J54  and  J55  show  that  the  average  rounds  of  ammunition  counted 
per  run  increase  from  day-sitting  to  day-standing  to  nlght-slttlng  positions. 
There  is  only  one  exception  to  this  increased  rate  of  fire:  the  carbine  auto¬ 
matic  firing  rate  is  less  for  night  sitting  than  for  day  standing.  The  fact  that 
the  ( test  for  differences  in  rounds  of  ammunition  counted  for  day  sitting  and 
day  standing  is  significant  at  approximately  the  1  percent  level  is  strong  evid¬ 
ence  that  the  indicated  increase  in  rate  of  fire  is  real.  The  Increase  in  rate  of 
fire  \i^en  comparing  the  day-standing  to  night-sitting  firings  is,  on  the  average, 
much  smaller.  This  comparison  Includes  the  reversal  for  automatic  fire  with 
the  carbine  mentioned  earlier.  No  statistical  test  has  been  applied  to  the  indi¬ 
cated  increase  in  the  rate  of  fire  for  tlie  night-sitting  over  the  day-standing  posi¬ 
tion.  Table  J54  shows  that  the  average  rounds  counted  per  run  for  day-standing 
fire  is  924  and  for  night-sitting  fire  is  955.  It  is  evident  that  the  increase  in 
rate  of  fire  for  night-sitting  over  day-standing  fire  is  small,  and  the  evidence 
that  this  is  a  real  effect  is  not  strong. 

The  average  number  of  target  holes  per  run  decreases  progressively  from 
day-sitting  to  day-standing  to  night-sitting  positions  except  for  one  comparison. 
The  average  number  of  target  holes  for  carbine  semiautomatic  fire  is  6.5  holes 
greater  for  day  standing  than  for  day  sittLig.  In  Table  156  the  t  test  shows  that 
the  average  increase  of  9.3  target  holes  for  the  day-sitting  over  the  day-standing 
position  is  statiatlcally  significant  at  about  the  7  percent  level.  The  increases 
in  hits  for  day  sitting  were  achieved  along  with  a  15  to  20  percent  reduction  in 
average  ammunition  expenditures. 

The  hit  probabilities,  of  course,  show  a  more  pronounced  progressive 
average  reduction  than  the  target  holes  with  the  change  in  firing -posit  ion - 
illumination  condition.  This  relation  is  expected  since  txie  rate  of  fire  is  pro¬ 
gressively  increasing.  It  is  seen  from  Table  J56  that  the  average  hit  probabili¬ 
ties  for  all  six  types  of  fire  show  an  increase  for  day-sitting  over  day-standing 
positions,  and  the  t  test  shows  that  the  average  increase  of  about  4V>  percent 
(which  is  a  relative  increase  of  more  than  25  percent)  in  hit  probabilities  is 
significant  at  approximately  the  0.1  percent  level.  This  Is  strong  evidence  of 
a  real  Increase  in  hit  probabilities  v^en  changing  from  the  day-standing  to'the 
day-sitting  position.  The  decrease  in  hit  probabilities,  and  also  the  average 
number  of  hits,  associated  with  the  night  firings  is  so  marked  that  no  statistical 
test  appears  needed  to  establish  the  night  effect  as  real. 

In  summary,  it  can  be  concluded  from  Tables  J54,  J55,  J56,  and  J57  that 
in  comparing  the  day-sitting  with  day-standing  with  night-sitting  firing  positions 
there  is  a  progressive  increase  in  rate  of  fire  and  a  progressive  decrease  in 
both  average  number  of  hits  and  hit  probabilities.  There  is  evidence  that  the 
IP  effects  are  real. 

The  evidence  of  a  real  effect  is  strong  in  aP  comparisons  except  for  the 
following  two:  The  decrease  in  average  number  of  hits  for  the  day -standing  as 
compared  to  the  day-sitting  conditions  is  less  than  10  percent,  and  the  increase 
in  firing  rate  for  the  nlght-slttlng  over  the  day-standing  cotidltions  is  less  than 
5  percent.  The  statistical  evidence  that  these  Indicated  effects  aie  real  is  not 
strong.  The  adjusted  data  are  correspondingly  examined  m  Table  J57. 

ORO-T-378  275 


CONFIDENTIAL 


CONFIDENTIAL 


Tabic  J54 

POSITION  AND  ILLUMINATION  HIT  PROBABILITIES  AND  TOTAL  HITS, 

RAW  DATA 


Ammunition  or  firing 

Total 

No.  of  rounds 
runs  counted 

Total 

holea 

counted 

Hit  prob¬ 
abilities 

Average 
rounds 
counted 
per  run 

Ave  rage 
holea 
counted 
per  run 

Day -Sitting  Condition 

Single  bullet 

10 

6165 

1215 

.198 

616 

121.5 

Duplex 

8 

4626 

1483 

.321 

578 

185.4 

Carbine  automatic 

4 

4453 

485 

.109 

1113 

121.2 

Carbine  aemlautomatlc 

4 

2809 

668 

.238 

702 

167.C 

T48  automatic 

4 

3755 

377 

.100 

939 

94.2 

T48  aemlsutomatic 

4 

2331 

507 

.216 

583 

126.7 

Total 

34 

1.183 

4531 

818.0 

Mean 

.197 

755 

136.0 

Day-Standing  Condition 

Single  bullot 

4 

2725 

402 

.148 

681 

100.5 

Duplex 

3 

1947 

535 

.275 

649 

178.3 

Carbine  automatic 

2 

2748 

208 

•  w  1  a# 

*  ^^4 

104.0 

Carbine  aemlautomatlc 

2 

1793 

347 

.19.3 

896 

173.5 

T4G  automatic 

2 

2308 

159 

.089 

1154 

79.5 

T48  semiautomatic 

2 

1585 

245 

.155 

792 

122.5 

Total 

15 

.916 

5546 

758.3 

Mean 

.153 

924 

126.4 

Night-Sitting 

Condition 

Single  bullet 

4 

3336 

168 

.050 

834 

41.5 

Duplex 

3 

2149 

196 

.091 

718 

65.3 

Carbine  automatic 

2 

2349 

49 

.021 

1174 

24.5 

Carbine  aemlautomatlc 

2 

1848 

59 

.032 

924 

29.5 

T48  automatic 

2 

2526 

134 

.053 

1263 

67.0 

T48  aemlautomatlc 

2 

1638 

167 

.102 

819 

63.5 

Total 

15 

.349 

5730 

311.3 

Mean 

.058 

955 

51.9 
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Table  J55 

POSITION  AND  ILLUMINATION  HIT  PROBABIUTIES  AND  TOTAL  HITS, 

ADJUSTED  DATA 


Ammunition 

or 

firing 

No.  of 
runa 

Total  Total 

a  beta  hlta 

adjusted  adjusted 

Hit  prob- 
abilltiea 

Average  shota 
adjuated 
per  run 

Average  hlta 
adjuated 
per  run 

Day- 

Sitting  Condition 

Single  bullet 

10 

6,119 

1180 

.193 

611.9 

118.0 

Duplex 

8 

4,510 

1448 

.321 

563.8 

181.0 

Carbine  automatic 

4 

4,283 

442 

.103 

1070.8 

110.5 

Carbine  aemlautomatlc 

4 

2,726 

673 

.247 

681.5 

168.3 

T4S  automatic 

4 

3,688 

381 

.103 

922.0 

95.3 

T48  aeinlautomatic 

4 

2,424 

542 

.224 

606.0 

135.5 

Total 

34 

23,750 

4666 

1.191 

4456.0 

808.6 

Mean 

.199 

742.7 

134.8 

Day-Standing  Condition 

Single  bullet 

4 

2,657 

403 

.152 

844.3 

100.8 

Duplex 

3 

2,003 

523 

.261 

667.7 

174.3 

Carbine  automatic 

2 

2,757 

219 

.079 

1378.5 

109.5 

Carbine  aemlautomatlc 

2 

1,819 

352 

.194 

909.5 

176.0 

T48  automatic 

2 

2,193 

150 

.068 

1096.5 

75.0 

T48  aemlautomatlc 

2 

1,567 

240 

.153 

783.5 

120.0 

Total 

IS 

12,998 

1887 

.907 

5500.0 

755.6 

Mean 

.151 

916.7 

1 25. 9 

Night -Sitting  Condition 

Single  bullet 

4 

3,192 

166 

.052 

798.0 

41.5 

Duplex 

3 

2,119 

197 

.093 

706.3 

65.7 

Carbine  automatic 

O 

2,712 

58 

.021 

1356.0 

29.0 

Carbine  aemlautomatlc 

2 

1,832 

5o 

.032 

916.0 

29.0 

T48  automatic 

2 

2,527 

134 

.053 

1283.5 

87.0 

T48  aemlautomatlc 

2 

1,639 

187 

.102 

819.0 

83.5 

Total 

15 

14,020 

780 

.353 

5858.8 

315.7 

Mean 

.059 

976.5 

62.6 
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Sifnificaot  8t  approximately  1  percent  level. 
Significant  at  approximately  10  percent  level. 
Slgaincant  at  approximately  0.1  percent  level. 
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COKFU)ENCE  UMITS 

Table  J1  includes  directly  computed  standard  deviations  ol  the  measured 
hits  and  hit  probabilities  for  19  of  the  21  AIP  combinations.  Table  J3  includes 
standard  deviations  of  16  ratios  of  hits  and  hit  probabiltJies.  These  standard 
deviations  are  confidence  measures,  defining  the  68  percent  confidence  limits 
about  the  mean.  Elsevt’here  in  this  appendix  two  standard  deviation  increments 
ate  used  to  define  95  percent  confidence  limits.  These  measures  are  useful 
only  on  the  assumption  of  homogeneous  populations.  Actually  the  computed 
values  are  grossly  swollen  by  inclusion  of  known  systematically  differing  seg¬ 
ments  of  the  populations.  Squad  and  learning  differences,  for  example,  are 
ignored  in  Tables  J1  and  J3. 

Of  more  interest  are  the  further  combined  values  for  compi^rison  of  ammu¬ 
nitions  without  separation  by  IP  condition.  The  problem  posed  then  is  the  deter¬ 
mination  of  Uie  standard  deviation  of  an  inhomogeneous  population.  The  same 
consideration  holds  true  for  the  observed  effect  of  learning  (demonstrated  in 
App  H).  A  suggested  method  for  determining  over-ail  standard  deviation  is 
based  on  the  reduction  of  each  of  the  subpopulations  to  a  uniform  condition  be¬ 
fore  computing  individual  deviations.  The  method  of  reduction  of  population  to 
achieve  the  desired  homogeneity  is  demonstrated  in  App  K.  The  method  is  most 
useful  for  computation  of  average  effects  of  each  difference  on  the  entire  popu¬ 
lation.  However,  if  the  reduced  data  (for  a  homogeneous  population)  were  used 
in  determining  individual  deviations,  the  resultant  standard  deviation  would  be 
too  snaali.  This  is  true  because  the  reduction  factors  themselves  are  deduced 
from  data  that  include  the  very  random  deviations  that  are  being  searched  for. 
Hence  the  use  of  the  reduction  factors  deduced  from  these  data  leads  to  an  un¬ 
realistically  homo^neous  population. 

It  is  concluded  that  the  best  measure  of  standard  deviation  for  the  combined 
conditions  that  are  of  interest  lies  somewhere  between  values  of  the  type  listed 
in  Tables  J1  and  J3  and  the  lower  values  that  would  obtain  from  the  method 
just  outlined.  It  is  possible,  however,  to  make  a  very  ervuie  estimate  of  maxi¬ 
mum  standard  deviations,  based  on  the  uncombined  values  of  Table  Jl.  Since 
learning  and  squad  differences  are  already  ignored,  results  are  still  of  a  grossly 
maximum  nature.  The  most  interesting  figures  of  the  computed  standard  devia¬ 
tions  are  given  in  the  last  column  of  Table  .T3.  If,  for  example,  it  is  desirable 
to  combine  the  three  figures  relating  duplex  to  single  bullet,  an  average  may  be 
deduced  in  the  following  fashion. 

The  average  hit  probability  is  computed  (weighting  day  sitting  twice  as 
much  as  each  of  the  other  two  conditions)  yielding  an  average  dupiex-to-single- 
bullet  hit -probability  ratio  of  1.71.  A  crude  scheme  for  deducing  corresponding 
average  standard  deviation  has  been  tried.  In  general,  however,  population 
combination  at  this  level  affords  only  a  minor  reduction  in  the  computed  stand¬ 
ard  deviations.  It  is  perhaps  adequate  and  certainly  simpler  to  examine  the 
general  magnitude  of  the  individual  deviations  as  listed  in  Table  J3  and  to  re¬ 
gard  them  as  representative  of  maximum  values. 

The  application  of  tils  method  to  the  hit  ratios  of  Table  J3  gives  standard 
deviations  for  the  pertinent  ratios  shown  in  Table  J5d  (expressed  as  percentages 
of  the  hit  probability). 

Ths  average  range  of  these  hit  probability  ratio  standard  deviations  is  9  to 
20  percent  of  the  ratio,  in  considering  the  method  by  w’hich  these  hit  probabiii- 
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ties  are  transferred  to  the  casualty  probabilities  discussed  in  the  major  report 
interpretation,  it  is  apparent  that  the  relative  deviations  are  not  grossly  altered, 
Thus  it  is  concluded  that  the  casualty  ratio  standard  deviations  for  aimed  fire 
are  somewhat  less  thar>  9  to  20  percent  of  the  ratios 

For  the  final  comparisons  the  unaimed  fire  results  are  also  utilized.  These 
results  are  based  on  tlieoretical  considerations  and  do  not  include  an/  experi- 
mentii  data  to  contribute  deviations.  Since  the  over-all  average  values  are 
weighted  equally  of  aimed  and  unaimed  fire,  it  is  concluded  that  the  maximum 


Table  J58 

PERCENTAGE  STANDARD  DEVIATIONS  FOR  HITS  PER  ROUND 
FOR  VARIOUS  IP  CONDITIONS 


Ammunition  or 
firing  compared 

Day-Bitting 

condition 

Day -standing 
condition 

Nlgbt-Bltttng 

condition 

Average  a 

Duplox  to  single  bullet 

6.6 

8.7 

31.9 

13 

Triplex  to  single  bullet 

8.5 

— 

— 

(9) 

Automatic  to  semiautomatic 

17.7 

22.4 

23.5 

20 

Carbine  to  Ml 

12.5 

7.8 

29.0 

15 

T48  to  Ml 

5.0 

17.8 

27.1 

14 

estimate  of  standard  deviations  for  these  final  results  is  reduced  by  a  factor 
of  '/T.  This  finally  yields  maximum  standard  deviations  on  the  over-ail  am¬ 
munition  ratios  in  the  range  of  6  to  14  percent,  or  about  10  percent.  Further 
instructive  observations  on  the  statistical  validity  of  the  differences  are  noted 
in  Figs.  J1  and  J2.  In  these  figures  the  individually  paired  runs  are  examined 
by  squad.  It  is  clear  that,  with  a  single  exception,  the  duplex  and  singie-buiiet 
values  are  separated  by  more  than  two  standard  deviations  of  each.  This  means 
iiut  the  possibility  of  any  pair  not  being  different  is  less  than  .Ob'*,  or  that  the 
confidence  in  the  difference  is  greater  than  OQ*/*  percent  for  every  one  of  the 
individual  pairs  of  runs  (with  the  single  exception  noted). 

In  order  to  determine  the  confidence  limits  of  aggregated  subpopuiations 
with  more  precision  than  can  be  inferred  from  the  grossly  maximum  values 
given,  it  is  possibie  to  deduce  the  theoretically  purely  random  error  associated 
with  the  measurements.  The  results  of  such  a  computation  will  give  a  minimum 
value  since  it  does  not  Inciude  any  systematic  errors  whatsoever,  it  should  be 
recognized  that.  In  general,  experimental  standard  deviations  do  inciude  at  least 
those  systematic  errors  that  have  not  been  causally  identified.  The  method  is 
based  on  the  simple  theoretical  notion  from  the  binomial  distribution  that  the 
standard  deviation  is  given  by  the  quantity 

This  simple  computation  has  been  made,  based  entirely  on  the  data  pre¬ 
sented  in  Tables  F41  and  F43.  As  the  aggregates  of  interest  are  concerned 
with  differences  among  the  eight  types  of  fire,  the  data  from  the  68  runs  are 
reduced  by  simple  addition  of  appropriate  values  of  hits  and  rounds  fired.  Since 
Uie  quantity  of  interest  is  the  salvo  rather  than  the  individual  round  fired,  the 
conversion  is  made  for  the  two  classes  of  autonmtic  fire  by  dividing  the  number 
of  rounds  fired  by  2.33,  the  average  number  of  rounds  per  automatic  burst.  The 
resulting  ratios  of  hits  per  salvo  are  shewn  in  the  second  column  of  Table  JS9. 

These  hit  probability  values  should  not  be  seriously  compared  uince  they 
are  deduced  from  unbalanced  conditions.  They  sre  computed  here  solely  for 
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the  purpose  of  arriving  it  the  standard  deviations.  The  third  column  lists  the 
standard  deviations  computed  by  the  expression  above.  In  the  fourth  column 
the  standard  deviations  are  expressed  as  percentages  of  the  hit  probabiiitics. 
In  the  last  two  rows  of  the  table  the  carbine  and  T48  values  are  combined  for 
semiautomatic  and  automatic  fire. 

From  the  values  shown  in  Table  J59  it  Is  now  possible  to  deduce  the 
standard  deviations  associated  with  the  ratios  of  hit  probabilities.  The  second 
column  of  Table  J60  lists  the  six  ratios  of  primary  interest.  The  standard  de¬ 
viations  of  these  ratios  are  then  computed  from  Eq.  J3. 

Table  J59 

HIT  PROBABILITY  PER  SALVO 


I 


Ammunition 
or  firing 

Hit 

probability 

Standard 
deviation,  % 

Relative 
ataodard 
deviation,  % 

Single  bullet 

14.6 

0.32 

2.2 

Duplex 

2.5.1 

0.47 

1.9 

Triplex 

4J.3 

1.48 

3.4 

Flechettes 

37.6 

2.0b 

5.5 

Carbine  semiautomatic 

17.0 

0.47 

2.8 

Carbine  autonistic 

17.2 

0.58 

3.4 

T48  seTTilautomatlt. 

16.9 

0.50 

3.0 

T48  automatic 

18.4 

0.64 

3.5 

Semiautomatic 

16.9 

0.34 

2.0 

Automatic 

17.8 

0.43 

2.4 

Tabic  J60 

RATIO  OF  HIT  PROBABIUTIES  PER  SALVO 


Ammunition  or 
firing  compared 

Hit -probability 
ratio 

Standard 
deviation,  % 

Relative 
standard 
deviation,  T 

Duplex  to  single  bullet 

t.72 

0.05 

2.9 

Triplex  to  alngle  bullet 

2.97 

0.12 

4.0 

Flechette  to  alttgle  bullet 

2.58 

0.15 

5.9 

Carbine  to  Ml 

1.16 

0.04 

J.6 

T48  to  Ml 

Automatic  to  semi- 

1.16 

0.04 

3.7 

automatic 

1.09 

0.06 

3.1 

The  last  column  lists  these  standard  deviations  as  percentages  of  the  ratios 
These  relative  standard  deviations  are  seen  to  be  in  the  range  of  3  to  6  percent, 
corresponding  to  the  earlier  maximum  estimates  of  9  to  20  percent  for  aimed 
fire.  The  difference  is  attributable  to  recognized  plus  unrecognized  systematic 
errors  and  appears  to  be  a  quite  reasonable  difference.  Since  the  range  is  not 
very  great  It  is  useful  to  identify  an  average  value,  which  is  3.9  percent.  In 
considering  the  over-all  results,  including  unaimed  as  well  as  aimed  fire,  this 
figure  is  again  reduced  by  z.  factor  of  /7.  Thus  the  random  standard  deviation 
on  the  over-all  ammunition  ratios  averages  2.7  percent,  compared  with  the 
maximum  value  deduced  earlier  of  about  iO  percent 

2fl2  OFK)-T-37« 


(ONFIOENTIAL 


Vpt'eiill*  h 

SKPMIATION  OF  FFFKCTS 


SL'MMAHY  2R) 

WIVrMTION-llJ.rMlWTION-POSITlON.  S  ^F'xn,  WDOHOFM  UFOI  CTION  285 

AMWI'NITION-JI.I  rM[N\riO\-POSITION.  s;r\l),  \M)  OHUHR  FFFICCTS  2*^0 

AM\U\mOVlI.I.I'\HN\TIOVPOSniON  RKDI’CTION  2')'J 

AMMl'NITlON-lLl.l'MlWTlON’-TOsmON  FFFRCTS  2<33 

FIOniKS 

Kl.  Order  Hegression  I jne  eor  Mjt,s  per  Run  288 

K2  Onnf"  Hegression  Line  ron  Rounds  Fired  288 

TARLKS 

Kl.  Mean  Hits  PER  Hus  and  Houses  Fired  per  Hrs  ry  AIPCombination.s  286 

K2  AI  PHedcced  Data,  Hits  PER  Hun  AND  Hol’nos  Fir EO  PER  Hun  287 

K3.  AlP  AND.SouAO  Heouced  Data,  Hits  per  Hun  and  Hounds  Fire.d  per  Hun  287 

K'i,  AlP  Squad.  ANO  Order  Heouce'.o  Data,  Hits  PER  Hun  AND  Hounds 

Fired  per  Run  28<) 

K5.  Relative  Data  by  A!PCondition,  Squad,  and  Order  2<J0 

K6.  Gdmparisos  OE  Duplex  WITH  Sincle-Hlllet  Ahwunition  29! 

K7  Comparison  OF  Triplex  with  Sincle-Rullet  Vmmumtion  2‘>! 

K8.  Comparison  or  Flechettes  with  Svncle-Rullet  Ammunition 

K9  Comparison  OE  Ai  OMATic  with  Sr.MiAUTOMATic  Fire  29! 

KOO,  Comparison  OF Ti8  WITH  Ml  Rifle  29! 

KII.  Comparison  OF  Carbine  WITH  Ml  Hielf  29| 

K!2  Squ AO  AND  Order  HEntTFD  Dat^  Hts  pe:r  Hun  and  Rounds  Fihed 

PER  Hus  292 

K13.  If'HEOIsCEnDATA,  ILtS  PER  Hin  andHoi  ndsFired  perHln  292 

KU  Completely  Hedutei)  Data,  Hits  per  Hun  andHoi'nitaFireo  perHi  n  292 

K!5,  Relative  Data  RY  Ymmunition  AND  iPCoMBiNATiON  293 

K!6.  CoMPARKsoN  or  Standing  with  Sitting  AND  Night  WITH  Day  I'iHE  294 

K!7  Comp AHisoN  OF  Automatic  WITH '^imiautomatk  Fire  294 

Ki8  Comparison  nrCjiRBiNt  anoT48  with '!!  Hifle  294 

K19,  Comp AWi.AOM  DF Duplex  WITH  Single-Hi  LI  ft  ammi  nition  29i 

ORO-T-378  283 

CONFIDENTIAL  ! 


CONFIDENTIAL 


SUMMARY 

This  appendix  is  baaed  exclusively  on  the  adjusted  data  of  Table  F41. 

The  analysis  begins  by  recognition  of  three  classes  of  systematic  differences: 

(a)  the  21  ammunition-illumination -firing  position  (AIP)  conditions,  (b)  the 
six  squads,  and  (c)  the  sequence  or  order  of  run  for  each  squad.  The  data  con¬ 
sidered  are  (a)  hits  per  run  and  (b)  rounds  fired  per  run. 

The  method  is  to  reduce  the  data  sequentially  by  eliminating  mean  differ¬ 
ences  among  the  data  for  each  of  the  three  classes.  The  process  is  started 
with  the  largest  differences  (AIP  combinations).  When  the  data  have  been  ren¬ 
dered  homogeneous  relative  to  AIP  combinations,  they  are  reduced  for  squad 
differences.  Finally,  the  data  are  reduced  for  order  differences.  These  com¬ 
pletely  reduced  data  then  reflect  only  random  or  unrecognized  systematic 
differences. 

These  reduced  data  then  are  made  to  yield  separately  the  three  classes 
of  differences.  Each  is  computed  from  data  that  are  thus  balanced  with  re¬ 
spect  to  the  other  two  classes.  It  is  recognized  that  interrelations  among  the 
classes  make  this  procedure  imperfect.  The  Isolated  effects  of  the  several 
parameters  are  then  separately  listed  in  a  single  table. 

The  process  of  sequential  reduction  of  the  data  is  then  continued  to  effect 
separation  of  the  six  ammunition  conditions  from  the  three  illumination -position 
(IP)  conditions  (excluding  unbalanced  triplex  and  fiechette  data).  The  resultant 
isolated  effects  are  again  separately  tabulated. 


AMMUNITlON-ILLUMINATION-l'OSITION,  SgUAD,  AND  ORDER  REDUCTION 

The  data  of  Table  F41  are  first  reduced  by  averaging  for  each  of  the  21 
AIP  conditions.  The  resultant  mean  hits  per  inin  and  rounds  fired  per  run  are 
given  in  Table  Kl. 

having  determined  these  means,  the  next  step  Is  to  reduce  the  data  in- 
divldiially  for  each  rvui  by  dividing  by  the  corresponding  AIP  class  mean  (and 
multiplying  by  100  to  avoid  decimals).  This  reduction  of  Table  F41  data  yields 
Table  1^.  In  Table  K2  advantage  is  taken  of  the  reduction  to  array  the  reduced 
data  according  to  order  as  well  as  squad.  An  example  clarifies  the  process: 
Consider  the  hits  per  rxtn  (or  the  first  Squad  D  single-bullet  day-sitting  run. 
From  Tabie  F41  this  is  71  hits  for  Run  36.  As  the  mean  hits  per  run  for  the 
single-bullet  d:iy -sitting  runs  are  118,  the  reduced  datum  is  71/118  x  100,  or 
60.  A  glance  down  the  column  of  Table  F41  reveals  that  Run  36  was  the  sec¬ 
ond  ntn  (or  Squad  O.  Hence  in  Tabie  K2,  60  is  entered  in  the  Squud  D  column 
and  order  row  2.  Appendix  L  in  the  discussion  of  Table  L2  reveals  a  few  de¬ 
viations  In  numbered  sequence  lor  the  actual  run  order.  These  deviations  are 
included  in  the  preparation  of  Table  K2. 
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Table  K2  yields  the  means  for  each  of  the  squads.  Reduction  for  squad 
differences  is  again  accomplished  by  dividing  each  datum  by  its  squad  mean. 
For  example,  the  60  hits  for  the  second  run  of  Squad  D  is  divided  by  the  Squad 
D  mean  of  88  (and  multiplied  by  100)  to  yield  a  squad  reduced  value  of  68. 
Table  K3  tabulates  these  squad  reduced  values. 


Taju.e  K1 


Mean  Hits  pkh  Hln  and  Hoivds  Fibed 
I’KIt  HL'N  by  \IP  COMI'ISATIONS 


Ammunition 

Of  firing* 

ik> 

pc 

lilt* 

Rountln 

SH 

D 

S 

118 

611 

Sll 

D 

St 

101 

664 

sn 

N 

s 

A2 

798 

D 

D 

s 

181 

564 

I) 

D 

St 

174 

668 

n 

N 

s 

66 

706 

T 

P 

s 

24.1 

560 

cs 

1) 

s 

168 

682 

cs 

D 

St 

176 

915 

f-S 

N 

s 

■29 

916 

CA 

n 

s 

111 

1071 

CA 

n 

St 

110 

1379 

CA 

N 

s 

29 

1.357 

TAB.  S 

D 

s 

116 

606 

tab,  S 

D 

St 

120 

7S4 
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*.SH  in  ningle  bullet:  0  in  duplex;  T  in  triplex;  F.S  in 
carbine  semihutomstic;  C\  in  carbine  automatic;  T4fl,  S,  in 
T48  semisutornatic;  TIB,  K.  in  TAB  automatic;  FI  ia  flechetje, 
ia  dav.  ^  ia  niubt. 

*^5  ia  aittiag.  St  ia  atsnding. 


The  mean  values  (combining  squads)  for  each  order  are  listed  in  Table 
K3.  These  mean  values  can  now  be  compared  with  order  number  to  yield  in¬ 
formation  on  the  effect  of  order  (learning),  independent  of  squad  and  AIP  dif¬ 
ferences.  Because  of  the  adequacy  of  data  In  the  4  x  IS  block  of  data  in  Table 
K3  (for the  first  IS  runs  of  the  four  average  squads),  the  unbalanced  data  for 
the  other  8  runs  are  ignored  In  obtaining  the  means.  These  mean  data  are 
plotted  in  Figs.  K1  and  K2.  In  addition  the  regression  lines  are  computed  and 
drawn  on  these  figures.  These  are  ordinary  linear  regression  lines  (least- 
square  deviation  of  >  on  i).  The  slopes  are  measures  of  the  learning  rate. 

The  final  reduction  for  order  is  accomplished  by  taking  reduction  factors 
from  these  regression  lines  for  each  order.  These  reduction  factors  arc  listed 
on  the  right  side  of  Table  IC3.  The  reduction  Is  again  done  by  dividing  each 
datum  by  Its  order  reduction  factor  (x  100).  The  resultant  completely  reduced 
data  (for  AIF  conditions,  squad,  aid  order)  are  reproduced  in  Table  K4.  Here 
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Tahlr  K2 


AlP  llrnrcrn  Data,  ffirs  i*j:h  Ri  n  and  Mounds  Firkd  pi.h  Run 
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It  Is  convenient  to  revert  to  the  original  array  (by  squad  as  a  function  of  AlP 
conditions). 

Table  K4  contains  the  data  for  each  of  the  68  runs  sequentially  reduced 
for  AIP  condition,  squad,  and  order.  The  order  reduction  factors  in  Table  K3 
are  now  an  adequate  measure  of  learning,  as  they  were  deduced  from  data  from 
which  AIP  and  squad  differences  were  already  removed.  The  AIP  and  squad 
(row  and  column)  means  are  listed  in  Table  K4. 


AMMUNITION-ILLUMI.NATlON-l  OStTION.SQUAD. 

AND  ORDER  EFFECTS 

The  final  reduction  factors  are  then  computed  from  the  products  of  these 
means  with  the  corresponding  means  from  Tables  K1  and  K2  (tIOU).  Table  K5 
lists  ail  these  factors  for  hits  per  run  11  and  for  rounds  fired  H.  These  factors 
themselves  are  measures  of  the  relative  numbers  of  hits  and  rounds  fired,  as 
Independently  affected  by  order,  squad,  and  AIP  conditions.  For  convenience 
the  relative  hit  probabilities  P/zare  also  listed. 

1  AHu; 


ilKL/.nvi,  Data  uy  All’ Cosditico.  Sqi'aij,  A.Nr>OH».H* 
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*11  is  kiln,  N  i>  rnaii4s,  Ph  kit  prt^abililie*.  footantca  to  Tabtf  k  I  fnr  other  akiireviatinai. 


From  the  data  of  Table  K5,  a  number  of  comparisons  are  readily  made. 
These  comparisons  are  self-explanatory  In  Tables  Kd  to  K8.  Table  K9  Is  com¬ 
pute  by  simply  adding  together  the  appropriate  carbine  and  T48  data.  This  is 
justified  as  the  separate  ratios  art  nearly  Identical.  Tables  KIO  and  Kll  com¬ 
pare  the  Indicated  weapons  in  scmiautomaMc  fire  only 
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l  ABLK  K6 


Comparison  of  Duplex  with 
SiNGLE-'iULLFT  /VMMVMriON* 
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*Seo  footnote  to  Table  Ko. 


Table  K8 

COMPAHISOTt  OF  FlF.CBEITES  WITH 

Single-Bullet  AiwusmoN* 
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*Sli  nittisi;,  flncketten  etudicg.  Also 
•re  footnote  to  Table  KS. 


Table  KIO 

Comparison  of  T48  with 
Ml  IllFLE* 
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“See  footaotr  to  Table  ks. 


Table  K7 

Comparison  of  Triplex  with 
Single -Bullet  Axriunition* 
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*Sce  footnote  to  Table  KS. 


Table  K9 

Comparison  of  Automatic 

WITH  ScMAUTOMaTIC  KlRE“ 
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“Set  footnote  to  Table  K5. 


Tauli  K  1 1 

Comparison  of  Carbine  with 
Ml  Bifle* 
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“See  footnote  to  Tania  K5< 
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lAHLt  K12 


SoiiAO  AND  Ordfr  Heddckd  Imta.  ISts  I’kh  Rijn  and  Rounds  Fired  i’eh  Hun 
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■See  footnote  a  to  Table  Kl  for  abbrevialiona. 


Tahi.e  K13 


IP  llEDircED  Data,  Hits  per  Run  and  Ror  nos  Fihcd  per  Run 
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*See  footnote  •  to  Table  K1  for  abbreviationa. 


Tapi  r.  K14 


Completely  Reduced  Rata,  Iftrs  per  Run 
AND  Rounds  Fired  pes  Run 
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AMMUNITION -ILLUMLNAT10N-I>OSIT10N  REDUCTION 

It  Is  persistently  requested  that  over-all  rough  comparisons  be  deduced 
from  unbalanced  data  such  as  these  salvo  data.  Therefore,  though  It  Is  recog¬ 
nized  that  such  comparisons  lump  unlike  figures,  an  attempt  Is  made  to  deduce 
from  Table  K5  the  separate  effects  of  ammunition  and  the  IP  combination.  The 
procedure  Is  parallel  to  the  reduction  procedure  already  used  in  this  appendix. 
However,  the  computation  Is  complicated  by  the  weighting  of  each  datum  from 
Table  K5  by  the  number  of  runs  on  which  It  is  based.  Table  K12  shows  the  data 
and  the  weighted  means  by  IP  combination.  The  numbers  of  runs  of  each  type 
are  used  as  wel^ting  factors  to  compute  the  mean  lvalues.  Unbalanced  triplex 
and  flcchette  runs  are  omitted  In  this  reduction. 

The  reduction  by  the  IP  combination  Is  done  as  before,  by  dividing  data 
of  each  column  by  the  mean.  This  process  yields  Table  K13. 

The  weighted  means  (or  each  ammunition  are  computed  and  listed.  These 
are  then  the  ammunition  reduction  factors.  Division  of  each  row  of  Table  K13 
data  by  these  factois  yields  the  completely  reduced  data  of  Table  K14. 

AMMUNmON-ILLUMlNATlON-POSITION  EFFECTS  , 

The  means  for  each  IP  combination  are  computed  In  Table  K14,  which, 
together  with  the  means  of  Table  K12,  form  the  ammunition  reduction  (actors. 
These  (Inal  reduction  (actors  are  listed  In  Table  K15. 

TABLr  K15 


Relative  Data  by  Ammunition  and  II’  rnuBiNATioN* 
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*See  fcM'tnolea  to  Table*  KI  and  XS  (or  abbrevialioan. 


Tables  K16  to  K19  list  the  slgnldcant  comparisons  (rom  Table  K15. 

The  weapons  comparison  o(  Table  K18  (or  the  indiscriminate  total  data 
(all  three  IP  conditions)  Is  Incomplete.  More  proper  comparisons  are  made 
In  Tables  KIO  and  Kll,  where  the  three  IP  conditions  are  separated.  The  over* 
all  superiority  o(  the  T48  Is  seen  to  stem  (rom  Its  superiority  In  night  fire;  the 
day  results  show  the  carbine  to  be  clearly  superior.  This  night  superiority  Is 
directly  attributed  to  the  larger  peepslght,  which  (as  noted  In  App  A)  permitted 
proper  use  o(  the  sights  with  the  T48,  In  contrast  with  the  rough  *  pointing”  to 
which  the  troops  resorted  with  the  Ml  and  carbine.  This  effect  was  noted  In 
ORO-SP-2,'  and  a  recommendation  was  made  for  more  complete  testing  of 
this  observed  effect. 
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Tami.k  K16 

OOMPARISON  OF  StANOINC  WITH  SITTING 
AND  Niciir  WITH  Day  CoNornoNS* 
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N  ^n  (S) 

0.1B 

l.’-S 

0.32 

foolDote*  la  Tsbtea  Kl  and  Iv.S  for 
•  bbreviatioaa. 


Table  K)8 

Comparison  of  Carbine  and 
rT8  WITH  Ml  IllFLt' 
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*See  footootea 

to  Tablea 

K1  and. 

K5  for 

abbrevialiooa. 


Table  K17 

Comparison  of  Automatic  with 
Skmiautomatic  Fihe“ 


Fir  inn 
compared 

R 

R 

Pfi 

CA/CS 

T18,  S, 

0.69 

1.51 

0.46 

T4«,  a 

0.72 

1.A9 

0.48 

Meaa 

0.71 

1.50 

0.47 

*Seo  foelBote 

a  to  TabI 

ea  lil  aad  KS  for 

abbreviatioaa. 

Table  K19 

Comparison  of  Duplex 

WITH 

Single-Uullet  Ammunition® 

Ammaailioa 

compared 

11 

R 

Ph 

l)/SH 

1.67 

0.98 

1.70 

*S«e  footnotea  lo  Tablea  K1  and  KS  for 
abbrevialiooa. 
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SUMMARY 

This  appendix  outlines  the  authority  and  coordination  of  the  experiment 
c^esign.  The  schedule  that  was  settled  on  is  described  in  detail;  it  is  also  com¬ 
pared  with  proposed  alternative  designs.  The  detailed  test  plan  (Dec  1955  ver¬ 
sion)  is  appended  in  Annex  LI.  It  includes  background,  test  materiel,  conditions, 
structure,  and  a  list  of  requirements  for  the  experiment. 


CHRONOLOGY  OF  ACTIONS 

On  12  October  1954  ORO  received  a  request  from  the  SALVO  Steering 
Committee  to  '‘prepare  a  draft  plan  of  test  to  affirm  or  deny  the  usefulness  of 
the  SALVO  principle  and  the  utility  of  tlie  development  equipment.”  An  outlirie 
was  submitted  to  the  committee  on  10  December  and  was  discussed  at  the  com¬ 
mittee  meeting  of  25  January  1955.  The  committee  approved  the  general  out¬ 
line  of  the  test  and  advised  which  weapons  might  best  be  included  in  the  exper¬ 
iment.  ORO  agreed  to  incorporate  into  the  plan  of  experiment  certain  sugges¬ 
tions  from  the  meeting,  and  to  collaborate  with  the  Ballistic  Research  Labora¬ 
tories  (BRL)  in  making  further  detailed  revisions  before  submitting  the  plan  to 
the  Continental  Army  Command  (CONARC)  for  their  approval. 

A  first  revised  plan  was  submitted  to  the  Committee  Chairman  and  to  BRL 
on  25  March.  A  second  revision  to  accommodate  BRL  comments  was  submitted 
on  3U  June.  A  third  revision  to  accommodate  further  BRL  comments  was  com¬ 
pleted  in  August.  On  8  August  BRL  submitted  a  disapproving  criticism  of  the 
ORO  plan,  offering  two  alternative  plans.  On  instructions  from  the  Committee 
Chairman  the  ORO  plan  was  submitted  to  CONARC  for  approval  on  16  August. 
On  22  September  OHO  responded  in  disapproval  of  BRL  plans: 

The  BRL  plaaM  are  atatiatically  more  elegant  In  potentially  reducing  the  eaae  of 
nnalyaia  and  the  dclu'jl  variance  In  some  of  the  results,  llte  departure  from  symmetry 
in  the  ORO  schedule  is  occasioned  by  recognition  of  dltferenres  in  vslue  of  the  seversl 
items  of  dsts,  in  psrticulsr,  the  primary  value  assigned  by  our  test  objective  to  the 
multiplex  firings. 

On  7  October  The  IrJantry  School  responded:  “It  is  felt  that  such  a  test  as 
proposed  in  ORO  Salvo  Hit  Probability  Experiment  is  somewhat  premature." 

On  21  November  BRL  resubmitted  their  formal  orjHrixm  of  the  ORO  tent 
plan  with  the  following  recommemlation: 

It  is  very  strongly  rrcommended  that  the  following  sta:ementa  be  given  careful 
consideration’ 

(1)  The  BRL  plan  B  be  the  plan  used  during  the  conduct  of  iVoJect  Salvo. 

(2)  Ibe  QUO  pisA  be  elimiASted  as  s  possible  plan  for  coaductisg  the  test  becauae 
the  we«hi>  firing  schedule,  as  desifiied,  is  ststistlciUy  weak. 
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On  4  January  1956  the  SALVO  Steering  Committee  approved  ORO’s  fourth 
reviaed  plan  of  December  1955  (reproduced  as  Annex  LI)  and  requested  approval 
of  the  Chief  of  R&D.  On  30  January  the  Chief  of  R&D  requested  CONARC  to 
support  tho  ORO  test.  On  3  April  CONARC  advised  ORO: 

Thlr  Army  has  selected  the  Third  Division,  Fort  Benning,  Georgia,  as  the  unit  to 
c  nrluct  f’.e  SALVO  Hit  Probability  Experiment.  The  Third  Division  has  recomnienJed 
that  the  test  start  18  June  i95U,  and  will  make  available  personnel  and  equipment  as 
specified  in  Incloaure  1. 


TEST  SCHEDULE 

Table  LI  compares  the  requirements  of  the  ORO  schedule,  first  as  planned 
and  second  as  run,  and  the  BRL  alternative  schedules  A  and  B. 

It  Is  clear  from  examination  of  Table  LI  that  the  recommended  Plan  B 
(and  probably  the  compromise  Plan  A  a3  well)  of  BRL  would  have  been  Impos¬ 
sible  to  execute.  The  number  of  runs  Is  more  than  six  times  those  accomplirhed 
In  the  2-week  experiment  as  run.  The  8-run/day  schedule  took  about  12  hr;  the 

Taulp  l.l 


SeneOULE  llEOl-IRtMF.NTS 


PuaiMtar 

OHO  plaa 

ORO  1  ua 

RRI.  4 

HRL  U 

Total  runa 

120 

68 

356 

424 

Hub  a  'dav 

8 

a 

18 

28 

^aapoa  type  uay 

1 

i 

4 

5 

teapoaa  <iiiy 

9 

10 

36 

45 

Total  weapoaa 

36 

30 

48 

60 

Mea 

133 

60 

177 

222 

Oara 

IS 

Q 

19 

15 

Maa  days 

675 

StO 

l,.5.->4 

l.W,0 

Maltiplex  anunur  itioo 

22.000 

12.000 

46.000 

74.000 

Siaitla  ammiiaitioa 

51,000 

29,000 

164.000 

244.000 

Total  amaaitioa 

73.000 

41.000 

210.000 

318.000 

'iounil  msa  'Jay 

400 

400 

l.OOO 

2.000 

28-run/day  schedule  would  presumably  require  42  hr/day.  In  addition,  five 
times  during  each  day  reissue  of  weapons  would  have  been  required.  The  num¬ 
ber  of  test  weapons  required  would  have  been  double,  the  total  ammunition  ex¬ 
pended  would  have  been  almost  eight  times  greater,  and  the  number  of  test 
troops  required  would  have  been  ^ilntost  four  times  greater.  The  dally  firing 
requirement  on  each  man  would  have  been  five  times  greater  and  probably  be¬ 
yond  reasonable  endurance. 

The  statistical  significance  of  the  differences  found  Justifies  the  amount 
of  repetition  required  In  the  ORO  plan,  which  was  ultimately  adopted.  The 
differences  among  the  chief  salvo  ammunitions  have  been  determined  with  sta¬ 
tistical  significance  that  Is  adequate  for  practical  purposes.  Secondary  dif¬ 
ferences  have  been  estimated  "Alth  sufficient  reliability  no  that  those  differences 
which  are  of  practical  consequences  have  been  reliably  determined.  The  lack 
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of  reiiabiiity  on  triplex  and  flechette  results  reflects  the  emergency  failure  to 
achieve  more  than  two  incomplete  runs  with  each  of  these  ammunitions. 

When  the  experiment  was  flnaily  conducted  6  months  after  the  iast  formaily 
prepared  experimental  design,  further  changes  were  made.  The  execution  of 
the  experiment  differed  from  this  design  chiefly  in  two  respects:  (a)  higher- 
priority  activities  denied  us  the  terrain  for  1  week,  reducing  the  96  scheduled 
regular  runs  to  64;  (b)  the  accident  with  one  run  of  triplex  ammunition  caused 
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deletion  of  a  scheduled  six  runs  of  triplex,  and  replacement  of  four  of  these 
runs  with  extra  duplex  runs.  Also  the  limitation  on  available  flechette  loads 
permitted  only  two  Incomplete  runs  with  this  appended  ammunition. 

The  schedule  for  the  68  runs  accomplished  is  shown  in  Table  L2.  The  ma¬ 
jor  change  from  the  originally  planned  schedule  of  96  runs  is  the  deletion  of 
the  last  4  days.  The  other  changes  Include  deletion  of  triplex  Runs  30  and  32, 
and  8ut»titution  of  duplex  for  triplex  in  Runs  33,  35,  37,  and  39.  In  addition 
(not  shown  In  Table  L2),  emergency  shifts  caused  Runs  21  and  22  to  be  run  at 
the  beginning  of  Day  4,  Runs  23  and  24  to  be  run  at  the  end  of  Day  4,  and  Runs 
45  and  46  to  be  run  on  Day  7,  between  Runs  54  and  55.  Of  96  originally 
scheduled  regular  runs,  62  were  accomplished.  In  addition  two  partial  runs 
were  appended  with  flechette  ammunition,  and  two  additional  runs  each  were 
added  with  Squads  C  and  F,  firing  single-bullet  and  duplex  ammunition,  making 
a  total  of  68  runs  accomplished. 
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Annex  LI 

ORO’fl  FOURTH  REVISED  PLAN  FOR  THE  SALVO  i 
HIT  PROBABILITY  EXPERIMENT,  DECEMBER  1955 


PURPOSE 

To  meseure  the  combat  hit  probability  obtained  with  currently  svsliabie  salvo  rifle 
ammunition  its  compared  with  singie-buiiet  rifle  ammunition. 


AUTHORITY 

Minutes  of  the  SALVO  Steering  Committee  Meetings  of  28  Sep  54  ,  25  Jan  55,  and 
6  Dee  55.JT 


BACKGROUND 

The  proposal  was  maJc  in  Ono-T-16'^*  that  the  large  errors  typical  of  combat  rifle 
fire  might  be  partly  compensated  for  by  s  weapon  firing  several  bullets  almiiitsneousiy 
or  nearly  so.  ORO-T-245*  suggested  a  ready  means  of  achieving  one  variety  of  such 
salvo  fire  with  two  or  three  tandem  bullets  fired  with  s  single  propellant.  Further  re¬ 
ports  by  Olln  Mathieson  Chemical  Corp.*^  describe  the  development  of  salvo  ammunition. 
The  German  report  “Die  Infanterie  Dofipelgeschosa,’*  December  1944,*  describes  a  sim¬ 
ilar  two-bullet  tandem  round.  Approximation  to  ssivo  fire  is  also  regularly  accomplished 
by  burst  fire  with  automatic  weapons. 


MATERIEL 

Three  types  of  rlile  fire  are  planned  for  this  experiment: 

(1)  Control  (single  builet) 

(2)  Duplex  (two  tandem  bullets) 

(3)  Burst  (automatic  bursts  of  2  or  3  rounds) 

Two  weapons  have  been  selected  for  this  test:* 

(1)  Ml  rifle  (firing  single-bullet  and  duplex  rounds)  and 

(2)  The  Gustafson  .22-csl  carbine  (firing  single  rounds  and  automatic  bursts). 


CONDITIONS 

The  human  aiming  error  is  n  function  piiinarily  of  eight  target  and  troop  conditions: 

(1)  Target  size 

(2)  Target  range 

(3)  Target  visibility 

(4)  Target  exposure  i  e 

(5)  Target  movement 

(6(  Troop  qualification 

(7)  Troop  firing  position 

(8)  Troop  stress 

Only  one  of  tne  eight,  target  range,  is  associated  with  inherent  weapon  error;  the 
othc.  ftieiora  are  exclusively  related  to  the  human  error.  For  comprehenaiveneai.  it  is 
necessary  to  specify  for  the  experiment  several  conditions  for  each  of  the  parameters. 
The  values  for  target  size,  range,  visibility,  exposure  time,  and  movement  are  deter¬ 
mined  by  the  design  of  the  target  system;  troop  qualification  and  firing  position  are  de¬ 
termined  by  troop  selection  and  teat  instructions.  Stress  on  the  troops  will  be  made  ae 

*1116  necesvitv  for  •  avcond  biural-iire  i»c*po«  kad  b^eo  and  was  del«t«d  ia  tkia  veratoa, 

though  tkr  .21-('al  TUt  had  railiarkran  aiiK^raled.  aad  waa  setaalU  aaad. 
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uniform  a*  posaible.  Combat -a  1  mutating  featurea  will  be  determined  with  the  advice  o! 
CONAHC,  by  Inter rogationa  of  combat  experienced  peraonnei,  and  review  of  pertinent 
literature. 

Target  St/e  and  Shape 

Approximate  meaaurementa  reveal  that  a  prone  target  la  about  20  by  20  In.,  a 
kneeling  target  about  20 by  45  In.,  and  a  atanding  target  about  2U  by  64  in.  It  baa  been 
eatlmated  that  US  troopa  fire  approximately  30  percent  prone,  30  percent  kneeling,  and 
40  percent  atanding.  Theae  dlmcnalona  and  proportiona  will  be  aacertalned  by  further 
reiearch.  Further  account  for  cover  leada  to  a  modified  diatrihution  of  expoaed  target 
area^perbapa  GO  percent  prone,  20  percent  kneeling,  20  percent  atanding.  If  It  la  «8- 
aumed  that  the  enemy  man-targeta  are  preaented  In  the  aaroe  proportiona,  the  teat  would 
accordingly  use  12  20-  by  20-ln.,  4  20-  by  45-in.,  and  4  20-  by  54  In.  targets,  rectangu¬ 
lar  or  oval,  with  the  bottom  edge  about  at  ground  level.  Actual  dimensiona  remain  to  be 
plotted. 

Target  Range 

The  targeta  will  be  dlatrlbuted  over  the  entire  effective  combat  range  for  rifles. 
The  boundaries  tor  the  area  for  the  target  range  will  be  determined  by  a  consensus  of 
combat  experience.  The  distribution  of  targets  within  this  area  will  likewise  be  deter¬ 
mined  from  combat  experience.  The  frequency  distribution  for  range  may  approximate 
the  form  shown  In  Fig.  LI. 


RANGE,  YO 


Fig.  LI— Target  Rang*  Distribution 


The  actual  placement  of  the  targets  that  must  be  concealed  deponds  on  the  existence 
of  suitable  cover  or  suitable  locationa  for  construction  of  appropriate  cover.  The  visible 
targeta  may  be  distributed  to  approximate  the  oombst  range  frequency  without  this  re¬ 
striction.  In  no  case  will  the  actual  plaoemeot  be  at  obvious  rar..gea  (such  as  even  hun¬ 
dred  of  yards). 

Target  Vtalbtllty 

In  addition  to  the  Inherent  vlaibility  differences  btetween  the  two  types  of  targeta 
(coBceaied  aod  vialLie)  It  will  be  desirable  to  have  some  of  the  targnta  partly  obacurvd 
by  camouflage  or  terrain.  Ag tin  combat  experience  will  be  used  to  determine  the  occur¬ 
ence  of  such  vislbilr.y  obacuratlnea.  Cxperimeivts  will  be  ntn  botb  in  clear  daylight  and 
at  night,  the  latter  with  ooetrolied  illumination  equivaient  to  moderately  bright  mooel igbt . 
HumRRO  will  be  consulted  for  further  advice  ne  night  fighting  and  lilumiaatloa.  Soma 
targeta  wiii  be  Indicated  by  rifle  fire  from  the  target. 
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Target  Exposure  Time 

The  exposure  times  for  the  visible  targets  will  be  deduced  from  combat  experience 
in  a  form  as  shown  In  Fig.  L2. 

The  concealed  targets  are  also  to  remain  erect  for  a  finite  period,  such  as  IS  sec.  All 
targets  are  capable  of  appearance  or  disappearance  within  be  made  to  re¬ 

main  exposed  for  any  uumber  of  seconds  desired,  Dothconcealed  and  unconcealed  targets 
can  be  automatically  programed  for  exact  reproducibility  of  target  appearance  or  Indica¬ 
tion.  The  entire  program  for  appearance  of  all  targets  will  be  fixed  in  advance  of  the 
field  runs,  and  the  system  activated  by  a  single  electrical  switch.  Times  of  visible  ta''get 
appearances  and  disappearances  and  concealed -target  rifle  fire  Indications  are  all  re¬ 
corded  automatically  on  a  moving  tape.  So  far  as  possible,  target  size  and  range  will  be 
made  to  correspond  with  exposure  time  according  .o  combat  experience. 


Fig.  L2 — Target  Exposure  Distribution 


Target  Movement 

An  attempt  will  be  made  to  Include  at  least  one  laterally  moving  target  In  the  target 
system.  The  speed  of  movement,  range,  size,  and  exposure  time  will  be  determined  In 
consultation  with  CONARC  experts.  Technical  difficulties  (concealment  of  tracks,  expense, 
etc.)  prohibit  the  employment  of  many  moving  targets. 

Troop  Qualification 

Troop  qualification  «ui  be  determined  In  actual  proportions  of  combat  riflemen  In 
each  of  the  categertes;  expert,  aharpebooter,  marksman,  and  nonqualified.  The  propor¬ 
tions  for  the  "typical”  squads  of  10  men  might  be:  1  expert,  3  sharpshooters,  S  marks¬ 
men,  1  boio.  Pr*.  ilminary  special  qualification  firings  may  be  used  to  confirm  paper  qual¬ 
ifications.  To  determine  analynically  the  salvo  hit  probability  difference  as  a  function  of 
troop  qualification,  runs  will  also  be  made  with  two  aperial  aquada  (experts  and  boloa). 

Firing  Position 

A  preliminary  consideration  euggeata  thnt  accuracy  extramea  In  firing  may  be  ap¬ 
proximated  by  two  poaltlona:  prone  with  rifle  support  and  standing  without  rifle  support. 
Keaults  from  other  firing  positions  may  b«  estimated  by  interpolation  between  these  ex¬ 
tremes.  Typical  aquada  will  fire  from  both  positions.  All  firing  will  be  from  the  shoul¬ 
der  (no  hip  firing). 

StreM  on  Troops 

Varlovs  combet  slmulstlons  will  be  used,  such  ss  rscorded  battle  nolsa  and  such 
•moke  and  sxploeloaa  as  will  not  directly  affect  physical  ccadltloos  for  target  Identifica¬ 
tion,  Lfforts  will  be  made  to  assure  Ihst  eavlroninental  oondltloae  throughotil  tha  exper¬ 
iment  ars  equivalent.  Extremes  of  rain,  for  example,  will  be  s»olded. 
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STRUCTURE 
Machine-Rest  Firings 

Fundamental  tnformstion  on  the  accuracy  and  dispersion  of  the  weapons  Independent 
of  aiming  error  has  already  been  gathered.  Further  Information  as  n«ed^  may  be  ob¬ 
tained  from  machine -rest  firings.  For  this  purpose  it  is  desirable  to  vary  only  the  range; 
firings  may  be  conducted  under  condltiocs  of  negliglbie  wind  against  fixed  targets  at  known 
ranges,  capable  of  recording  alt  shots.  For  each  of  the  weapons  and  ammunition  loads  this 
experiment  should  record  a  distribution  of  errors  about  the  center  of  impact  that  is  inher¬ 
ent  in  the  weapon  and  ammunition  exclusive  of  the  human  slmlng  error.  The  detailed  de¬ 
sign  and  conduct  of  these  machine-rest  firings  are  to  be  supervised  by  Ballistic  Research 
Laboratories. 

Incidental  to  this  teat,  calibration  of  the  target-hit -time  apparatus  has  been  accom¬ 
plished,  For  analysis  of  the  experimental  data  it  la  necessary  to  make  accurate  measure¬ 
ment  cf  the  time  between  bullet  strikes  from  duplex  rounds  as  well  as  automntlc  fire  on 
targets  at  several  ranges.  Time-interval -vs-range  curves  will  be  deduced  for  the  multi¬ 
plex  loads.  This  measurement  will  be  accomplished  by  attaching  a  sensing  device  to  each 
target.  When  the  target  is  struck  by  a  bullet,  the  sensing  device  sends  an  eiectrieal  pulse 
to  the  recorder.  The  pulae  la  manifeated  aa  a  spark  hole  in  a  moving  tape.  The  com¬ 
bined  resolution  of  tho  sensing  device  and  recorder  is  better  than  i  msec. 

Zeroing  and  Familiarization 

All  rifles  will  be  combat  zeroed  a»  a  predetermined  range  (auch  as  200  yd)  every 
firing  session  (half-day  sessions).  Each  man  will  zero  his  own  weapon  firing  about  ten 
times,  8r.d  have  his  hits  identified  progressively.  Each  man  will  be  issued  his  weapons 
and  ammunition  some  time  before  the  experiment  to  assure  his  complete  familiarization 
with  the  functioning  of  those  weapons  and  the  ammunition.  Familiarization  will  Include 
observation  of  the  bullet  Jrr>o  va  range  characteristlca  of  each  weapon-ammunition  com¬ 
bination;  it  wiii  also  then  include  instructicn  .and  practice  in  allowing  for  such  a  dr<^  by 
a  'Kentucky  windage”  procedure. 

Target  System 

The  system  will  consist  of  about  20  targets:  probably  10  visible  and  10  concealed, 
with  I  moving.  All  the  targets  are  electrically  controlled,  spring  powereo,  automatic 
appearing -disappearing.  The  concealed  targets  are  indicated  by  electrically  controlled 
rifle  fire. 

The  visible  targets  can  be  placed  anywhere  on  a  typical  range,  requiring  a  minimum 
of  concealment  preparation.  The  concealed  targets  require  placement  behind  natural  or 
other  cover.  The  target  appearance  and  dtaappcarancc  la  accomplished  by  electricsl  con¬ 
trol  from  behind  the  firing  line.  The  targets  operate  by  electrically  controlled  spring  re¬ 
leases,  auch  devices  being  readily  installed  with  a  minimum  of  field  preparation,  requir¬ 
ing  no  pits  to  protect  eperatora  or  to  hide  the  target  mechanisms.  They  can  easily  be 
placed  on  the  field  at  new  poaltlona  each  day  to  prevest  disclosing  the  positions  to  the 
riflemen. 

All  targets  lie  supine  on  the  ground  sno  out  of  sight  until  activMed,  at  which  time 
they  pop  up  to  a  vertical  position.  The  spring  mechanlam  la  adequately  powerful  to  com¬ 
plete  movement  of  the  target  in  about  ‘4  see  even  in  a  strong  wind.  A  second  electrical 
signal  releases  the  spring  again  to  continue  the  target  motion  to  a  prone  position,  again 
out  of  sight. 

Electrically  fired  Ml  rifles  are  placed  direetly  in  front  of  each  concealed  target  to 
.simulate  enemy  rifle  fire.  The  rifle  la  fired  by  an  electric  auienoid  attached  to  the  trig¬ 
ger.  It  la  firmly  suppoited  on  the  terrain,  and  fires  blanks  or  live  rounds  into  pita  some 
20  yd  ahead.  If  live  the  fire  la  directed  20  deg  or  so  from  the  end  of  the  firing  line.  The 
rifle  In  sandbagged,  with  only  the  tip  of  the  nutile  showing.  Probabi.y  one  laterally  mov¬ 
ing  target  will  be  Incorporated  In  the  experiment.  ORO  has  a  moving-target  prototype 
that  will  be  modified  to  a  suitable  form.  This  target  la  electrically  driven  and  can  Ita 
controHed  from  iSe  sutomstio  progr«miner. 

Control  wires  'or  all  20  targets  lead  to  the  cnatrol  station  )uat  behind  the  flrii^ 
line.  The  wlaerable  Isagths  (within  20  yd  of  a  target)  are  burled;  the  remaining  ieactha 
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are  laid  on  the  open  gi'Oun<i.  The  control  station  includes  a  programing  board  for  individ¬ 
ually  controlling  each  of  the  20  targets.  The  circuits  are  arranged  so  that  any  number  of 
seconds  may  be  tapped  off  the  programing  board  by  plugging  in  appropriate  jacks,  it  Is 
possibSo  to  cause  any  one  of  the  targets  to  remain  erect  for  any  number  of  seconds  and 
to  cause  the  next  target  to  appear  any  number  of  seconds  *ater. 

Thus  the  entire  operation  Is  automatic.  It  Is  necessary  only  to  preselect  the  dura¬ 
tions  of  visible  appearance,  the  intervals  between  target  appearancea,  and  the  target- 
appearance  crdc".  One  run  takes  5  mla,  utilizing  tho  full  rsmge  of  the  300-poaltlon  pro¬ 
grammer  with  l-sec  intervals. 


40  YD 


Fig.  L3— -Rsprasentotivs  Target  Range 

V.  vitibU;  C,  conc»q*ed;  M.  moving. 


A  group  of  10  riflemen  Is  spaced  with  5  yd  between  men  on  n  firing  line,  covering 
a  front  of  300  yd  (see  Fig.  L3).  Since  this  complete  system  has  not  yet  been  field-tested 
it  Is  necessary  to  schedule  s  preliminary  range  test.  When  the  complete  system  Is  ready, 
it  wili  be  necessary  to  provide  a  suitable  firing  range  and  a  few  troops  with  rifles  for  a 
preliminary  test. 


Firings 


The  variations  in  ths  four  firing  conditions  already  discussed  arc; 


(a)  Squads  (3);  1.  T>'plcsl  mixed 

2.  Experts 

3.  Boloe 

(b)  Weapons  (4):  1.  Ml  single  bullet 

2.  Ml  duplex 

3.  .22  Carbine  -  single  round 

4.  .22  Carbine  -  uitomatlc 
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(c)  Position  (2):  1.  Prone 

2.  Standing 

(d)  Illumination  (2):  1.  Day 

2.  Night 


A  four-dlmcnslonal  array  u-ould  yield  3x4x2x2*48  combined  conditions.  An 
unaophlstln^d  experimental  design  to  test  each  of  these  conditions  would  eilucr  be  im- 
practlcally  lengthy  or  yield  only  a  single  measurement  for  each  condition.  To  obtain  the 
measures  required  for  statistical  reliability  It  Is  necessary  either  to  increase  the  total 
scheduio  (by  an  estimated  minimum  factor  of  3)  or  to  eliminate  certain  conditions  In  or¬ 
der  to  duplicate  others  of  more  basic  significance.  For  practical  reasons  the  second  al¬ 
ternative  is  chosen.  A  systematic  design  permits  approximation  of  the  missing  measures 
by  analytical  means,  at  the  same  time  assuring  reliable  measurement  of  salvo  hit  capa¬ 
bilities  In  the  most  basic  conditions  In  a  reasonable  schedule. 

Tables  L3  and  L4  show  the  schedule. 

Table  L3 


IlAILY  SCHH)1 1.L  OE  FlHING  »Y  Si^IADS* 


Day 

Niahi 

Proae 

Suadiax  1 

Proae  ! 

1 

Staadiax 

4.  B.  C,  D.  E 

bh 

B 

C 

aQgalificatioo:  A.  typical  1:  R.  tvpical  2:  C,  tynical  3; 
D,  bola;  and  E,  eipcrt. 


Table  L4 

Schedule  of  Firing  by  Weapons* 


Day 

Weak  1 

Week  2 

Week  3 

Mua 

1 

3 

2 

Taea 

2 

4 

1 

Wad 

3 

1 

4 

TTiara 

4 

2 

3 

Fri 

Dad- 

-weadiar  allowaace 

■Wcapoa;  1,  Ml  aiaale  ballet;  2.  Ml  dtpiax;  3, 

.22  tarbia*  aiaala  roaad;  aad  4.  .22  cvbiaa  aatoautic. 


Tho  schedule  calls  for  32  runs  per  week— 24  day  and  8  night  runs.  In  the  3  weeks 
It  le  seen  that  nine  measures  will  obtain  for  each  prone-typleal-squad  day  firing.  Three 
meaaurea  will  obtain  for  each  of  the  following:  prone-typleal-squad  night  firing,  atandlng- 
typlcsl-squad  day  firing,  standing-typical-squad  night  firing,  prone-expert -squad  day  fir¬ 
ing,  prone -bolo-aquad  day  firing. 

The  total  Is  9A  "'•ssures  from  96  runs— 48  single-bullet,  24  duplex,  and  24  buret 
neaaurea.  The  arrangement  of  the  acbeduis  la  auch  aa  to  correct  for  the  effecta  of  ex- 
traneuua  psrametera  auch  aa  weather,  learning,  fatigue,  etc.  Several  "equivalent*  but 
aonldentlcal  programs  of  target  appearance  will  be  employed  (both  order  and  exposure 
tlmea  varied)  to  minimise  target-learning  eff*cta. 

If  each  man  geta  off  an  average  of  2  trigger  pulla  per  target  with  aa  average  of  2 
bulleta  per  tr igget  pull,  then  for  10  men  firing  at  20  targeu,  there  ahould  be  (2  >  2  x  20  x  10) 
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about  800  builcta  fired  fur  each  run.  If  the  hit  ratio  Is  only  1  per  8  bullets  fired,  a  total 
of  about  (800/8)  100  hits  can  be  expected,  or  5  hits  per  target  average,  or  15  hits  per  tar¬ 
get  with  3  repetitions.  Sucb  numbers  of  hits  are  adequate  for  discriminating  between 
scores  msde  in  the  different  types  of  fire. 

Ammunition  issue  fur  each  run  will  be  iMlimited.  The  useful  ammunition  expendi¬ 
ture  will  be  limited  only  by  the  exposure  time  snd  visibility  of  the  targets.  The  number 
of  rounds  fired  by  each  man  will  be  recorded  for  each  run. 

Malfunctions  of  say  weapons  will  be  recorded  Immediately  without  interrupting  the 
test.  The  nature  of  the  malfunction  will  be  recorded,  together  with  the  number  oi  rounds 
fired  before  stoppage  and  the  qualification  and  position  of  tbs  flrer. 

Ammunition  Loads 

Ammunition  loade  will  be  8-round  clips  for  the  Ml.  For  direct  comparability,  it  is 
essential  that  the  single-bullet  and  the  duplex  caliber  .30-06  ammunition  be  packaged  in 
nearly  identical  8-round  clips. 

The  Gustafson  carbine  will  load  from  its  15-round  magazine.  For  control  purposes 
it  will  not  employ  ita  bipod,  and  will  be  modified  to  fire  semiautomatically  only  for  the 
single -round  control  rune. 

Data  Recording 

Data  will  be  recorded  from  several  sources.  The  program  of  target  appearances 
for  each  run  will  be  recorded  beforehand.  Each  target  face  will  be  identified,  and  the 
paper  target  faces  recovered  after  each  run  for  subsequent  analysis  of  hits.  In  addition 
each  target  is  equipped  with  an  electrical  sensing  device,  which  sends  a  pulse  to  an  auto¬ 
matic  continuous  recorder  when  the  target  is  struck  by  a  bullet.  The  sensing  device  and 
recorder  are  capable  of  resolving  approximately  1  kc— or  separately  recording  hits  aa 
close  R9  I  msec. 

The  automatic  fire  hits  will  be  diace mlbie  by  the  cyclic  rate  (approximately  100 
msec).  Duplex  hlta  will  be  diacernibie  by  pulaea  separated  by  the  exact  time  determined 
by  the  target  distance  and  muzzic-veloclty  difference  between  bullete  from  the  same 
round.  The  time  between  bullet  strikes  for  duplex  bullets  la  first  determined  as  a  func¬ 
tion  of  range,  as  described  previously,  it  is  thus  possible  to  recognize  multiple  hits  from 
a  single  trigger  pull.  With  a  muzzle -velocity  difference  of  250  ft/^ec  the  time  between 
duplex  etrikes  on  the  nearest  likely  target  at  100  ft  ia  about  3  msec.  At  500  yd  this  time 
interval  la  about  50  msec. 


REQUIREMENTS 

Weapons 

10  Ml  csliber  .30  rifles  (modified  to  accept  slngle-buliet  and  duplex  rounds  from 
8-round  clips). 

10  Gustafson  culiber  .22  carbines  (modified  to  fire  semiautomatic  a«  well  as 
automatic). 

For  avoidance  of  delay  In  the  event  of  serious  malfunction,  it  is  desriable  thst  the 
supply  of  teet  weapons  be  12  of  esch  type  (two  spares  for  each),  a  total  of  24  weapons. 
Aii  weapeme  should  be  of  equivalent  newness.  In  sdditlon,  some  iO  or  15  unmodified  Ml 
rifles  will  be  required  as  part  of  the  target  system. 

Ammunition 


The  zero  firings  previously  described  are  called  for  each  of  the  24  half -day  ses¬ 
sions.  Using  the  specified  weapons,  for  10  trigger  pulls  per  teroing,  the  requirements 
(assuming  an  average  of  2'/}  rounds  per  automatic  burst)  are  ss  shown  in  Table  L5. 

Ammunition  expenditure  for  tbe  range  firings  may  be  deduced  by  estlmstlng  2  trig¬ 
ger  pulls  per  man  per  target.  For  36  runs  wUh  20  targets  and  10  men,  this  Is  2  >•  96  « 
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23  X  10  »  36,400  trigger  puila,  or  aomo  80,000  rounda.  The  requlrcmenta  are  liatMi  in 
Table  L6.  The  concealed  target  indicatora  will  fire  another  10  x  S6  ~  900,  or  about  1000 
rounda  of  ,30-06  single  bullets,  not  Included  In  the  teat  or  zero  firing. 

Combining  the  loads  from  Tables  LS  and  L6  gives  a  grand  toUl  of  estimated  am- 
muniilon  requirement  of  roughly  70,000  rounds,  including  "bout  12,000  rounds  of  duplex 
(see  Table  L7). 

TuBLE  L5 


Zero-Firing  Ammunition  Requirements 


Veapoa 

Ammuaitioa 
or  firiag 

Runttda 

l.,oa<la 

.30-06  Ml 

Siaxlr  kallat 

10  X  240  -  2,400 

300  8-rosa4  clipa 

Uaplex 

10  <  240  -  2.400 

300  ft-roaad  clipa 

.22  Gaatafaoo 

SamiaHtomatic 

10  V  240  -  2,400 

S60  IS-roaad  aiasaiiaea 

Aalomntic 

10  x  600  -  6,000 

Total 

13,200 

Table  L6 

Test-Firing  .Ammunition  Requirements 


VeapoD 

Arnnunitioa 
or  (iriag 

Raaa 

itoaada  (100 
palla  par  raa) 

Loada 

.30-06  Ml 

SiaxI*  ballat 

24 

9,600 

1200  8-roaad  clipa 

Daplax 

24 

9,600 

12(X}  8-rouad  clipa 

.22  GuUifaon 

Samitutomatic 

24 

9.600 

2240  IS-roaad  n-xt^iaea 

Aataaiatic 

24 

24,000 

ToUl 

96 

52,B00 

Table  1.7 

Total  A.uMUNmoN  IteguiREMENTS 

4aiinaaitiaB 

Roaadi 

L,oada 

.30-06 

13,000 

162.6  8-rouod  clipa 

.22  Gaatafaoa 

42,000 

2800  16-roaad  auxaxiaea 

.30-06  Daplax 

12,000 

15(X}  S'TOaad  clipa 

Total 

66,000 

Target  Range 

The  target  range  needed  for  this  test  la  sketched  in  Fig.  L<4i  it  la  a  range  area  of 
about  300  by  5GC  yd,  with  aafety  provisions  for  a  wide  angle  of  fire.  It  la  dealrable  to 
permit  firing  at  targets  as  close  as  about  30  yd,  with  a  lateral  displacement  of  the  flrers 
by  as  much  aa  CO  yd.  The  ground  should  be  typical  battleground— more  than  enough  veg¬ 
etation  to  conceal  targets  so  that  Just  any  bush  does  not  become  too  likely  a  target  location. 
The  aafety  zone  Is  deduced  by  limiting  the  area  for  target  positloas  to  beyond  the  line 
TT'Tln  F’g.  LA.  The  flrera  are  restricted  to  within  the  segment  55.  The  minimum  angle 
of  fire  from  the  filing  line  la  Just  arctaagert  100/200*'  27  deg. 

These  dimensions  are  suggested  as  a  likely  oompromiae  between  research  needs 
and  aafety  requirements,  The  over-all  ulmenslona  In  particular  are  approximate  rather 
than  stringent. 
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The  power  requirement  for  the  target  syatom  is  mode.>t;  115  volts  AC,  cira'vlng 
leas  than  1  kw  maximum.  The  power  requirements  for  the  artificial  lights  ami  tape 
players  for  battle  noise  are  also  modest:  115  volts  AC,  drawing  probably  less  than  5  kw 
steady.  Iliuminstion-measuring  equipment  as  well  as  tlie  lights  themselves  wilt  be  re-> 
quired  for  the  night  tests. 

Although  ORO  will  supply  the  target  mechanisms,  about  2000  pasteboard  targets 
(06  X  20  ■■  1920)  wilt  be  required,  mounted  on  suitable  stakes. 


-a - Joo  ro 


Fig.  L4 — Range  Oimensians 


Time 

There  will  be  72  day  runs  and  24  night  imos.  The  actual  runs  will  take  about  5  min 
each.  The  preparation  between  runs  (ammunition  Isaue,  zeroing,  target  preparation,  pro¬ 
graming,  liiumlnatlon)  will  doubtless  take  much  longer.  If  an  average  of  25  min  prepar¬ 
ation  per  run  sikI  1  hr  preparation  tier  session  is  estimated,  about  48  hr  will  be  spent  on 
12  day  eessions,  and  24  hr  on  12  night  seaelons.  it  should  then  be  possible,  with  praper 
preliminary  preparation,  to  perform  the  entire  teat  in  3  weeks. 

Personnel 

la  Tabie  L2  it  ia  seen  that  tl'e  firings  mav  be  reasonably  accompilahed  with  the  use 
of  IS  selected  aquada,  S  each  week. 

The  typical  mixed  squads  wilt  be  composed  of  predetermined  qualifiers,  such  as 
ere  expert,  Rrc  abarpebootera,  three  marksmen,  and  one  nonqualified,  Thsae  jquade 
will  be  relieved  of  other  duties  for  their  respective  weeks  and  will  be  availabie  full  time 
for  thta  experimeat,  inciudiag  ntghta.  The  expert  and  boio  aqweds  wlii  be  eoopoeed  of 
qualified  caperts  and  unqualified  shooters  respectively.  THsm  squads  wlii  be  relieved 
most  other  duties  for  their  reepectlvc  weeks  and  will  be  availabie  part  time  for  thla 
axperiment. 
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t^ummary  of  Regiilrementa 
Weapons: 

12  Ml  rifles  (chambera  reamed  to  accept  duplex  rounds) 

12  Ml  rifles  (unmodified) 

12  Gustafson  caliber  .22  carbines 

Ammunition  <50  percent  overallowance): 

20,000  rounds  caliber  .30-06  In  S-round  clips 

63,000  rounds  caliber  .22  Gustafson  In  15-round  magazines 

18,000  rounoe  caliber  .30-06  duplex  In  8-round  clips 

Range: 

About  300  by  500  yd  with  provision  for  wide  angle  of  fire;  terrain  with  small  rises 
and  adequate  vegetation  to  provide  some  potential  Individual  concealment. 

Personnel: 

600  man-days:  3  sets  of  50  men  for  4  days  each.  These  men  must  be  preselected 
with  regard  to  markmanshlp  qualifications.  It  Is  anticipated  that  satisfactory  sets 
of  50  can  be  selected  from  random  groups  of  60  or  10,  Including  standby  replace¬ 
ments  (almost  48).  The  men  must  be  free  for  night  firing,  as  well  as  day.  Project 
officers  will  of  course  also  be  required. 


Time; 

12  days  and  12  nights— barring  extraordinary  weather,  it  will  take  3  weeks. 


Target  system: 

Ci)  Rlt-recordinfr  nnn-up  tarvets  and  antnmatlc  programmer  and  hit  recorder 
(all  designed  and  probably  aupplled  by  ORO);  a  115-volt  AC  5-kw  power  line  on  the 
range:  llliimlnaflnn  eniHpment  (to  he  determined  with  CONARC  and  HumRRO);  about 
2000  pasteboard  tsrgeta  (to  be  apeclfied). 
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SUMMARY 

In  order  to  determine  sensibly  the  requiremeiLts  for  an  expertmental  de¬ 
sign  it  is  necessary  to  predict  the  results  of  the  experiment.  Without  some  fore¬ 
knowledge  of  the  magnitude  of  differences  to  be  expected,  tt  ts  not  possible  to 
specify  some  minimum  number  of  measurements  required  to  achieve  accept¬ 
able  reliability.  Clearly  only  rough  estimates  are  ixissibie,  or  else  the  exper¬ 
iment  ttself  is  quite  unnecessary. 

In  this  appendix  single-bullet  predicttoiis  art  made  for  rounds  ftred  and 
hits  scored  on  both  day  and  ntght  target  systems.  These  values  compare  reas¬ 
onably  welt  with  expertmental  results. 

An  optimum  zero  setting  is  deduced,  which  minimizes  total  bullet  dropfor 
all  targets  of  the  day  system.  The  setting  is  a  165- yd  zero  for  all  ammunitions. 

The  controlled  duplex  pattern  Is  analyzed  theoretically  to  5rleld  hit  predic¬ 
tions  as  a  function  of  both  aiming  error  and  target  size.  These  general  results 
are  applied  to  the  expertmental  target  system. 

The  random -dispersion  triplex  and  flechette  loads  are  also  examined  the¬ 
oretically  to  yield  casualties  as  a  function  of  dispersion.  These  results  are  ex¬ 
trapolated  to  hits  for  the  given  ammunition  dispersions. 

The  resultant  predictions  of  hits  and  rounds  fired  for  all  test  ammunitions 
are  tabularly  compared  with  the  experimental  results.  Finally  the  predicted 
standard  deviations  are  computed  to  justify  the  statistical  reliability  of  the  ex¬ 
pertmental  design. 


SINGLE -BULLET  HIT  PREDICTION 

In  order  to  predict  the  outcome  of  the  experiment  the  results  of  an  earlier 
accuracy  experiment  were  applied  to  the  detailed  expertmental  target  system 
plan  for  the  SALVO  I  experiment. “ 

In  this  experiment  aiming  error  was  determined  for  rifles  isider  test  con¬ 
ditions  for  varying  times  of  target  exposure.  The  average  errors  varied  from 
3  mils  with  8  sec  to  aim  to  20  mils  with  only  l-sec  aiming  time.  Thene  are 
radial  errors  expressed  in  angular  measure.  The  averages  used  are  the  root- 
mean-square  values.  This  root- mean -square  radial  error  is  identtcaJ  with  the 
radial  stanaard  deviation  It  is  larger  by  a  factor  of  >12  than  the  cotnoKmly  used 
linear  standard  deviation;  it  is  slightly  larger  (by  13  percent)  than  the  mean 
radius. 

This  accuracy  experiment  revealed  that  the  shortest  time  in  which  an  aver¬ 
age  man  can  get  a  sight  picture  ts  about  2  sec.  The  test  further  revealed  that 
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for  the  initial  roind  at  a  newiy  signted  target,  3Vi  sec  ts  optimum  (more  rapid 
fire  reduces  accuracy,  and  slower  fire  reduces  rate,  so  that  the  hits  per  unit 
time  are  decreased).  Therefore  the  basic  rate  o!  fire  was  taken  to  be  about  3 
rounds  per  10  sec,  and  the  correspondtng  aiming  error  was  taken  to  be  4  miis. 
Actually  the  preliminary  experiment  predicted  5  mils  with  standing  fire  for  this 
exposure  time,  but  it  was  felt  that  the  sitting  position  of  the  SALVO  I  experiment 
would  enhance  accuracy. 

The  rate  of  fire  and  measure  of  aiming  error  next  had  to  be  refined  for 
critical  target  characteristics.  This  was  done  by  simple  judgment  according 
to  the  following  rationale:  the  number  of  rounds  fired  at  a  target  during  the 
day  was  thought  tc  be  reduced  by  about  2  rounds  for  lightly  camouflaged  tar¬ 
gets  and  5  rounds  for  heavily  camouflaged  targets,  as  compared  with  uncon¬ 
cealed  targets.  This  leads  to  the  following  expression  for  the  number  of  rounds 
fired  at  a  given  day  target: 

\  -  (10  3)<»  -  1)  -  2(1.0  -  .SUIC)  (Ml) 

where  i  =  the  number  of  seconds  of  target  exposure 
-1  =  t’le  Initial  firing  delay,  in  seconds 

(LC)  =  ’ Ight  concealment 

(HC)  =  heavy  concealment 

If  the  target  Is  In  (LC)  or  (HC)  classification,  that  term  in  Eq.  Ml  becomes  unity; 
otherwise  the  term  is  zero.  The  aiming  error  must  also  be  modified  to  account 
for  concealment  and  movement  (M).  The  expression  used  for  the  radial  stand¬ 
ard  devtation  a  Is 

o  -  4.0  +  (f  2)  (I.C)  ♦  2r(IIC)  ♦  2r(\l)  (M2) 

where  T  =  target  radius,  in  mils. 

The  rationale  here  is  that  a  *tghtly  concealed  targetis  likely  to  be  missed 
by  an  additional  quarter  target  wtdth,  and  a  heavily  concealed  target  by  a  full 
target  width.  Similarly  a  laterally  moving  target  M  is  likely  tc  incur  an  addi¬ 
tional  error  of  a  full  target  width.  Using  these  two  equations  It  became  pos¬ 
sible  to  predict  the  number  of  rounds  fired  N  and  number  of  hits  scored  H  on 
the  22  targets  of  the  day  target  system.  The  results  of  these  calculations  are 
presented  in  Table  Ml.  The  hit  probability  is  simply  computed  from  the 
expression: 

p .  1  _  „pi-(r  5)2)  (M3) 

The  target  size  f  was  deduced  from  the  Icnown  size  of  the  E  or  F  silhou¬ 
ette  target  and  the  range.  The  F  target  has  an  area  of328sq  In.,  or  aj)  equivalent- 
circle  radius  of  10.2  in.  The  E  target  has  an  area  ofSSSsq  in.,  or  an  equivalent- 
circle  radius  of  14.5  in.  The  hit  prooabillty  on  elements  of  area  on  the  extreme 
comers  of  these  Irregular  targets  is  somewhat  less  than  would  be  the  case  for 
a  circular  target  By  actual  measurement  on  the  silhouette  targets,  for  an  as¬ 
sumed  average  error  of  5.4  mils,  ths  equivalent  circular  targets  were  fousd  to 
have  radii  of  9.0  and  M.O  in.  These  were  the  values  used  as  radii  of  circular 
iirgeta  equivalent  to  ^he  silhouettes  in  computing  f. 

The  predictions  for  t:>c  ntght  target  system  were  made  in  a  similar  fashion. 
Is  this  case  the  initial  firing  delay  was  toicreased  by  an  additional  2o/3  sec  tc 
account  for  increased  difficulty  in  acquiring  the  target.  On  the  other  hand,  Uda 
20/3-aec  increase  was  erased  with  those  targets  Indicated  by  blaidc  rifle  fire. 

It  is  judged  that  the  flash  would  approximately  compensate  for  the  darkness. 
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Certainly  the  basic  aiming  error  at  night  Is  larger  than  the  day  value  of  4  mils; 
an  arbitrary  Judgment  provided  an  eetimate  of  a  S-mll  basic  error.  It  was  as* 
sumed  that  the  additional  error  Incurred  by  light  concealment  was  a  half  target 
width  rather  than  the  quarter  target  width  assumed  for  the  day  system,  It  was 
further  assumed  that  the  existence  of  blank  rifle  fire  at  a  target  reduces  the 
aiming  error  by  a  quarter  target  width.  Finally,  it  was  assumed  that  under 
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conditions  of  low  Illumination  th«  outline  is  vague,  even  when  located,  to  the 
extent  of  an  additional  half  target  width.  Theae  considerations  lead  to  modi¬ 
fied  expressions  for  the  number  of  rounds  fired  and  the  alining  error,  as  in¬ 
dicated  in  M4  and  MS. 

Ai  .  MU  sill  -  1  *  »n|  -  id  C)  -  uhli  (M4) 

■  .  so  *  r  .  ru  D  « 2nH(  I  *  jnui  (r  imo  (MS) 

The  parenthetical  dealgnatione  are  defined  In  Lbc  f»(tnotea  to  Table  Ml 
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Application  of  these  expressions  to  the  information  on  the  22  targets  of 
the  night  system  yielded  the  rounds  fired  and  hits  scored  at  night,  which  are 
presented  in  Table  M2. 

it  is  of  interest  to  note  from  the  totals  of  Tables  Ml  and  M2  what  some  of 
the  averaf;e  values  are.  The  most  meaningful  measure  of  hit  probabiiity  is 
probably  iho  integiated  value,  taken  from  the  total  numbers  of  hits  and  rounds 
fired.  These  numbers  yielo  a  predicted  hit  probabJity  of  9.6  percent  during 

Tablk  M2 
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the  day  and  6.0  percent  at  night,  ii  is  also  interesting  to  note  that  the  predic¬ 
tion  of  total  rounds  fired  is  essentialiy  the  same  day  and  night  (C75  and  671). 
The  prediction  was  66  hits  out  of  675  rounds  fired  in  day-sitting  controKs  ingle - 
bullet)  fire.  It  was  gratifyln-g,  and  quite  surprising,  when  the  first  preliminary 
single-bullet  run  resulted  in  74  hits  out  of  669  rounds  fired.  The  later  test  data 
proved  I  somewhat  higher  hit  probability,  averaged  from  the  8  regular  single- 
bullet  dsy-sitting  runs.  The  night  prediction  from  Tabie  M2  was  40  hits  out  of 
87i  rounds  fired.  The  average  result  from  4  test  runs  turned  out  to  t>e  42  hits 
out  of  834  rounds  fired.  These  comparisons  sre  llst»K]  in  Tabls  M3. 

It  should  he  noted  that  the  night  target  system  is  generally  composed  of 
Ionite r-appearing  and  closer  targets  than  the  day  system,  in  accord  with  nor- 

318  CmO-T-3iS 


CONFIDENTIAL 


CONFiDENTiAl 


mal  combat  practice.  A  linear  mean  target  distance  of  190  ya  Is  reduced  to 
135  yd  ai  night.  It  Is  of  further  Interest  to  note  what  the  predicted  effective 
range  might  be.  An  effective  range  maybe  defined  by  describing  the  following 
calculation:  the  figures  in  the  **Range*  and  “Rounds  Fired*  columns  of  Tables 
Ml  and  M2  are  multiplied  together  for  each  of  the  targets.  The  products  are 
totaled,  aiid  this  total  Is  divided  by  the  total  number  of  “Rounds  Flreo"  alone. 
The  resulting  figures  represent  average  ranges,  which  were  weighted  by  pre¬ 
dicted  fire.  This  can  then  be  Interpreted  as  the  average  hitting  range.  This 
calculation  was  performed,  and  yielded  191  yd  for  the  day  system  and  135  yd 
for  the  night  system. 


Table  M3 

Comparison  of  Prediction.s  with 

llESl'LTS  FOR  SlTTINC  SlNCLE-Fl'  LLET  IhTNS 
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The  average  error  Is  also  of  Interest.  Simple  linear  means  of  the  radial 
errors  are  shown  at  the  bottom  of  Tables  Ml  and  M2.  The  values  are  5.6  mils 
for  the  day  and  9.5  mils  for  night  systems.  This  linear  mean  is  a  rather  un¬ 
sophisticated  way  of  averaging  the  error;  a  possibly  better  method  would  be 
based  on  the  Integrated  hit  probability.  This  calls  for  the  use  of  some  sort  oi 
average  target  siie.  The  linear  mean  target  sizes  from  Tables  Ml  and  M2 
were  used.  ThE;se  values  are  1.8  mils  for  the  day  system  and  2.6  mils  for  the 
night  system.  The  simple  relation  for  a  symmetrically  normal  error  on  a 
circular  target  is  described  by  Eq.  M6: 

a  -  r/>/^«  (l  -  P)  (M8) 

where  P  Is  hit  probability.  Equation  M6  yields  radial  standard  deviations  oof 
5  7  mils  for  the  day  system  and  10.4  mils  for  the  night  system.  It  is  noted  that 
these  two  values  are  In  reasonable  agreement  with  the  linear  means. 

Tbs  srrors  in  Table  M4  were  converted  from  radial  to  linear  standard 
deviations,  simply  by  dividing  by  /l.  The  errors  are  presented  this  way  for 
convenience,  since  the  linear  standard  deviation  o  Is  In  more  common  usage. 
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COMBAT  ZERO 

Having  predicted  hits  on  the  target  system,  It  becomes  possible  to  com¬ 
pute  a  zero  setting  for  test  weapons  that  will  produce  a  high  net  tut  probability. 
Of  the  several  possible  schemes  for  defining  and  computing  the  combat  zero, 
the  following  procedure  was  adopted:  First,  the  ballistic  path  of  all  test  am¬ 
munitions  was  determined  (with  the  exception  of  the  flechette  ammunition).  The 


SAUCE,  ro 

Fig.  Ml — Oulltf  Drop  os  o  Function  of  Ronga  (or  tho  .3*')*c''l 
SingIt'BulItt  M2  Ammunition 

Th«  number  to  tho  lett  oF  theh/pKen  on  rho  verticol  hnot  indicstcr 
ronge,  ttm  number  to  tbe  rigbl  tndicoter  hit«  (lee  Toble  M5). 


arsenals  and  manufacturers  were  kind  enou^  to  provide  Information  on  the 
bullet  drop  aa  a  function  of  range  for  the  five  rifle  ammunitions,  which  is  plotted 
in  Figs.  Ml  to  M5.  The  lowest  curve  on  each  of  these  figures  shows  the  exag¬ 
gerated  path  of  the  test  ammunitions  fired  horizontally  (e.g.,  zeroed  at  zero 
range).  In  addition  the  patha  were  computed  and  plotted  for  each  ammunition 
zeroed  at  100,  150,  155,  200,  and  250  yd.  These  curves  cross  th«  liorlzontal 
axis  at  those  ranges  respectively. 
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Next,  to  reduce  the  complexity  of  calculation,  the  target  hita  shown  in 
Tables  Ml  and  M2  were  aggregated,  which  was  arbitrarily  accomplished  by 
lamping  three  or  four  targets  that  occur  at  nearly  the  same  range  and  merely 
attributing  the  total  number  of  hits  on  those  targets  to  a  representative  target 
at  an  average  of  the  several  langes.  The  results  of  this  aggregation  yield  the 
simple  target  system  shown  in  Table  M5. 

The  information  c.«  the  simplified  target  system  is  indicated  in  Figs.  Ml 
to  M5  by  the  vertical  lines  drawn  at  each  of  the  six  ranges.  Using  this  hit  in¬ 
formation  as  a  weighting  factor,  it  becomes  possible  to  compute  the  total  Inches 


Table  MS 

Simplified  Day  Tahcet  System 
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Hit! 

80 

20 

125 
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lfi5 

26 

220 
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260 
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Table  M6 

Total  Drop  Miss  btsTANcr  for  Varioi  s 
7jro  ftA^CEs  FOR  Five  Lmminitioss 


Acntnunilicn 

/■rtn  raiiKe 

.  vd 

100 

1.50  j 

1  105 

200 

250 

(lallrt  alrep, 

Ifl. 

Siatile  bullrl 

349 

246 

218 

258 

322 

Diiplca 

457 

331 

305 

353 

453 

TripU» 

516 

367 

331 

395 

512 

Carbiae 

290 

212 

193 

224 

292 

TiS 

im 

131 

115 

139 

174 

of  builet  drop  for  the  entire  target  system  for  each  value  of  zero.  Consider, 
as  an  example,  the  .30-cal  aingleobullet  aramimitioR  shown  In  Fig.  Ml.  Lxxik 
first  only  at  the  curve  for  the  lOO-yd  zero.  The  first  composite  target  occurs 
at  80  yd,  where  the  curve  shows  an  error  of  0.7  in.  Since  30  roimda  are  ex¬ 
pected  to  hit  this  composite  target,  a  total  error  of  20  x  0.7  or  14  In.  is  Indi¬ 
cated.  Similarly,  the  next  target  at  125  yd  axperlences  a  drop  of  i.l  In  for  9 
anticipated  hits,  making  a  total  drop  of  9.9  In.  The  same  procedure  is  followed 
for  the  other  four  compoalte  target  ranges  Finally,  the  six  drop  totala  are 
added  to  yield  a  grand  total  of.  In  thla  case,  348  kn. 

Only  this  gross  total  is  retained.  The  ssom  procedure  is  followed  fur  the 
150- yd  cero  range.  In  this  case  the  grand  lo4al  <*omee  to  34^  la  This  pro«*v- 
dure  is  thet.  followed  for  each  ot  the  oUier  three  ztro  ranges  to  yield  finally 
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five  graiul  totals,  correspcmdlnf  to  the  five  arbitrarily  selected  zero  ranges. 
This  same  pattern  is  then  luxiowed  for  each  of  the  other  ammunitions  presented 
In  Figs.  M2  to  MS.  The  resultant  total  drop  distances  are  listed  in  Table  M6. 

It  is  clear  from  this  table  that  a  minimum  drop  value  exists  for  each  of 
the  ammunitions.  These  total  buliet-drop  values  are  plotted  in  Fig.  M6.  It  is 
observed  that  the  slowest  ammunitions  and  those  having  the  worst  ballistic  co¬ 
efficient  have  the  highest  values  of  total  drop.  More  striking  is  the  result  that 


Fig.  M6 — Total  Drop  Miss  Di stone*  for  Vorious  Z*ro  Rong*s 
lor  Fivt  Ammuititions 


the  minimum  bullet-drop  zero  range  for  all  fl”e  ammimiticrji  is  apparently  the 
same— 105  yd— which  indicates  that  this  zero  range  is  quite  sensitive  to  the 
target  system  but  Insensitive  to  variations  in  ammunition.  Thus  it  was  decided 
that  all  rifles  for  this  test  would  be  set  for  a  combat  zero  of  10S  yd.  The  com¬ 
putations  were  not  carried  through  for  the  night  target  sjrstem;  it  was  assumed 
that  the  small  difference  that  such  computations  might  recommend  would  oe  in¬ 
significant  in  view  of  the  very  large  aiming  errors  in  night  firing. 


DlJX'LsJC  AMMUNITION  HIT  IRLDICTIONS 

This  discussion  is  summarised  from  ORO-SP-A.**  To  deal  analytically 
with  the  cent  rolled- dispersion  duplex  ammunition  tested,  a  simplified  model 
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of  the  dispersion  pattern  was  assumed.  The  simplifications  basic  to  tl^  model 
were  (\)  the  dispersion  of  front  bullets  was  normal  and  symmetrical  about  the 
line  of  fire;  (b)  the  ring  of  second-bullet  impacts  was  narrowed  to  a  circle  of 
negligible  width  and  a  3-mil  radius;  (c)  the  circle  of  second- bullet  impact  was 
concentric  about  the  corresponding  front-bullet  impact;  (d)  the  angular  loca¬ 
tion  of  second-bullet  impacts  on  the  circle  was  random;  and  (e)  the  target  was 
circular. 


Ftg.  M7— Geometry  of  Duplex  Hits 

T  irtdicalei  terfet  rodiui, 

R  indicetei l•<lr•bull•lcircl•radiul. 

'  indicotai  radiui  vector  from  tor* 
pot  cantor  to  frent>bullat  impact. 


From  the  geometry  of  Fig.  147  the  fraction  of  the  rear-bullet  circle  that 
lies  on  the  target  Is  given  by 

F  -  {l/’*n),recoa  (tA*  -  T*  ♦  r*)/2/trl  (M7) 

for  the  angle  in  degrees. 

For  a  radially  normal  distribution  of  front-bullet  impacts,  the  probability 
of  a  front-bullet  Impact  at  a  distance  r  to  r  Jr  .'rom  the  target  center  La  given 
by 

dC  -  (r  dr  •*)  tip  (  -  r*  0*1  (M8) 


where  a  is  the  radial  standard  deTlation  of  aiming  error. 

Ustotf  the  fraction  F  and  the  probability  clement  4G  with  the  geometry  of 
Fig.  M7,  duplav  hit  prt  tre  readily  deduced 

The  single-ball  hit  probability  is 

V,  - //.,dC  -  1 -  r»  0*)  (M9) 
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The  primary  duplex  hit  probabilities  of  interest  are 

(Mio) 

(Mil) 

where  /  »  /Fdo 

P,  s  probability  of  a  singie  hit 
s  probability  of  a  double  hit 

■  //.'o*  rfC  -  1  -  ..p  ( -  (I  -  R)Vail  {M12) 

and  the  proviso  that  for  T  <  R,  N2  vanishes,  and  for  T  <  R/2,  Jj  ^  |  reverses 

sign  in  Eq.  MlO  and  vanishes  in  Eq.  Mil. 

The  hit  probabilities  are  functions  of  three  varijibles.  the  duplex  spread 
R,  angular  target  size  T,  and  the  angular  aiming  error  t;.  It  is  quite  possible 
then  to  compute  the  hits  of  each  type  that  may  be  expected  with  a  dupiex  round 
of  known  spread  on  a  target  of  a  given  angular  size  under  conditions  of  known 
aiming  error.  Numerical  Integration  is  substituted  for  expressions  not  ame> 
nable  io  integration: 

fFilG  ^IFHC  ~(Sr/90ah  Sreup  (rV  «*)  arccot  ((/?2  -  12  *  rJ)/2/ffl  (M13) 

r 

•Clrta9  {M14) 

The  test  ammunition  has  a  dispersion  characterized  by  R  »  3  mils;  hence 

/.C(a)^r,(a)«(r)  (Ml  5) 

To  evaluate  this  integral  (sum)  it  is  necessary  only  to  substitute  values  for  aim¬ 
ing  error  a  and  angular  target  size  T.  This  was  done  for  a  series  of  values: 

T  >  Vi,  1,  2,  4,  and  8  mils;  and  or*  1,  2,  4,  8,  16,  and  32  mils.  Hit  probabilities 

were  computed  for  the  30  pairs  of  these  values  and  are  tabulated  in  Tables  M7 
to  Mli.  Tlie  products  te^6  are  indicated  as  Tq. 

in  addition  to  the  singie  ( P, )  and  double  (Pj )  hit  probabilities,  several  de¬ 
rived  quantities  are  of  interest: 

(a)  Probability  of  one  or  more  hits:  P  >  P, 

(b)  Total  hit  probability:  P,  ■  P,  ♦  2P^ 

(c)  Relative  duplex  gain  in  total  hits:  I//  ■  (  P,  -  N  i  )/N  j 

(d)  Relative  dupiex  gain  in  casualties:  ~  l.P^)/^^t 

where  L  is  the  individual  duolex  bullet  lethality  (0.70).  These  probabilities  are 
plotted  on  Figs.  8  to  11.  Figures  M8  and  M9  show  the  single  (V;)  and  duplex 
total  (P,)  hit  probabilities.  Figures  MlO  and  Mil  show  the  relative  cas’iaity 
gain  {J(  )  of  duplex  vs  sinale-buUet  ammunition. 

Using  the  day  target  sytiem  and  predicted  single-buliei  hit  probabilities 
of  Table  Ml,  the  casualty  increases  can  be  read  from  Figs.  MIO  and  Mil  for 
a  spread  R  «  3  mils  and  a  lethality  (.  >  0.70.  Casualty- gain  values  can  similarly 
be  computed  for  other  values  of  dupiex  spread  R  and  bullet  lethality  1.,  per¬ 
mitting  preparation  of  the  curves  of  Fig.  M12  (for  the  set  of  salvo  targets  of 
0  1-  to  4.6- mil  radius). 
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CONTROLLED  DUPLEX  SPREAD,  MILS 


Fig.  M12~Duplcx  Ammunition  Gain  in  Casuallivs  os  a 
Function  a'  Spread  for  Various  Lethalities 


TRIPLEX  AND  FLECHETTE  AMMUNITION  HIT  PREDICTIONS 

The  dispersion  patterns  of  the  test  triplex  and  flechette  ammunition  are 
of  the  so-called  "random”  type,  i.e.,  the  pattern  of  hits  can  be  approximately 
described  by  a  symmetrical  two-dimensional  normal  or  Gaussian  distribution. 
Each  projectile  Independently  follows  an  Initial  path,  which  deviates  from  the 
barrel  axis  by  some  amount  for  which  this  two-dlmcuslonal  normal  curve  Is 
the  frequency  distribution.  The  tightness  of  the  dispersion  is  characterized 
by  the  shape  of  this  normal  curve,  usually  expressed  as  the  linear  standard 
deviation  o.  For  the  flechette  ammunition  used  In  the  experiment,  a  value  of 
9.4  mils  was  given  for 

The  triplex  ammunition  used  in  the  experiment  performed  In  somewhat 
erratic  fashion,  but  it  was  Indicated  by  the  manufacturer  to  be  at  least  roughly 
approximated  by  considering  each  of  the  three  bullets  to  fit  Into  this  random 
normal  frequency  pattern.  The  manufacturer  also  Indicated  that  except  for 
occasional  wild  rounds  the  mean  spread  between  any  pair  of  the  three  bullets 
was  3  milk.  _ 

It  Is  desirable  first  to  convert  the  3-mlI  average  separation  Or  of  triplex 
rounds  to  a  deviation  7,  which  Is  more  commonly  used  to  characterize  the  dis¬ 
persion.  This  conversion  Is  readily  made  when  It  Is  realized  that  the  mean 
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difference  between  two  samples  from  a  iwo-dlmens'onal  normal  dlsiribution 
Is  Identical  with  the  mean  radius  of  a  slnj^e  sample  drawn  from  a  distribution 
having  a  deviation  larger  by  a  factor  of  ^2.  Recalling  further  that  the  mean 
radius  of  a  two*dlmenslonal  normal  distribution  Is  larger  than  the  linear  stand¬ 
ard  deviation  by  a  factor  of  Vf/ 2 ,  the  mean  spread  can  be  related  io  the  original 
dispersion  o  by 

0  -  1.  (S’)  -  0.565  (or)  (M16) 

For  the  rough  value  of  mean  spread  57  *  3  mil*,  im?  deviation  is  i.7  mils 

The  following  discussion  outlines  the  considerations  leading  to  the  solu¬ 
tion  of  the  problem  of  kill  probability  with  a  normal  aiming  error  Imposed  on 
a  normal  dispersion.  This  solution  Is  taken  from  ORO-SP-24.” 


Considered  first  is  the  probability  that  a  projectile  aimed  si  a  distance  R 
from  the  center  of  a  circle  with  radius  p  will  hit  the  circle.  The  actual  Impact 
point  Is  assumed  to  follow  a  Gaussian  distribution  with  linear  standard  devia¬ 
tion  a  about  the  aiming  point.  Lei  the  aiming  point  be  al  R,0;  then  the  prob¬ 
ability  that  the  fragment  Impacts  within  a  rectangle  of  dimensions  dx  by  dy, 
lying  al  r,  y  (see  Fig.  M13)  is 

F  -  1  (2ir.»)  exp  l-l(Ar  -  A)J  ♦  (M17) 


and  the  probablliiy  P  that  11  strikes  the  circle  is  the  integral  of  this  over  the 
circle: 


(MIS) 


This  is  sometimes  called  the  ‘offset-circle*  probablliiy.  An  approximation  Is 
to  replace  the  sharp  regular  large!  by  a  diffuse  Gausslsn  target  (see  Fig.  M14} 
by  filling  by  moroeni*.  Thxie,  for  the  thai^  target,  any  fragment  falling  within 
the  circle  scores  1;  a  fragment  falling  outside  scores  0.  This  may  be  repre¬ 
sented  by  a  right  cylinder  of  radius  i  and  nclght  1,  centered  al  the  origin.  The 
diffuse  target  with  the  same  aero-and  second-order  radial  mo  men  is has  height 
2  and  linear  standard  derUilona  p/2.  It  gives  a  acore  of 


2  tip  I  -  P>  *11 


(Mlf) 
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to  a  fragment  Impacting  at  distance  fioir;  the  center.  With  this  approxima¬ 
tion  in  Eq.  M18,  integrating  over  the  entire  i,y  pianc,  this  is  evaluated  to  be 

21o2  p2  4)lexpl-Al2  ( 2  ♦p24))j  (M20) 

Let  L  be  the  conditional  probability  that  a  hit  wiil  be  a  casualty.  Then 
the  probability  that  the  target  becomes  a  casualty  K  if  there  are  \  projectiles 
is 

-  1  -  d  -/.Dv  .  1  .^-SLP  (M21) 

In  Eq.  M20  P  is  shown  to  be  a  function  of  the  radial  distance  it  of  the  aiming 
point  from  the  center  of  the  circle.  But  the  aiming  point  is  itself  a  random 
variable,  and  the  probability  that  the  radial  distance  is  between  R  and  R  +  dR 
Is  given  by 

(1  r2)  (M22) 


where  t  U  the  linear  standard  deviation  at  the  aiming  error.  The  final  com¬ 
plete  answer  for  the  casualty  probability  Is  therefore  obtained  by  substituting 
Eq.  M20  into  Eq.  M21  and  integrating  against  Eq.  M22: 

A  -  I -(x  Z)(2r)>  (M23) 

where  y  »  (l/NL  )  iaVp^  +  Vi) 

Z  «  (l/NL  )  (t2/p2) 

R  ■  (Vay)  exp  [1  -  2R2/2T2y] 


The  Iasi  integral  is  readily  recognized  as  the  incomplete  gamma  function;  hence 
K  is  expressed  in  terms  of  tabulated  functions.  A  relief  map  showing  level  lines 
of  K  against  log  Z  and  iog  y  is  given  in  Fig.  Ml  5. 

In  order  to  perform  computations  on  any  random,  normally  dispersed 
salvo  ammunition,  it  is  necessary  to  know  the  number  of  projectiles  N,  the 
lethality  per  projectile  L,  and  the  standard  deviation  of  the  dispersion.  With 
the  ammunition  thus  characterized,  it  is  further  necessary  only  to  characterize 
the  target  or  target  system  sufficiently  so  that  one  knows  the  aiming  error  and 
the  target  size  for  each  element  of  the  target  system.  From  this  aiming  error 
and  target  size,  together  with  the  product  NL,  the  vaiue  Z  is  computed;  y  Is 
likewise  deduced  from  a  knowledge  of  dispersion,  target  size,  and  NL.  Clearly 
from  Fig.  M15  casuaity  probability  may  readily  be  dete^’mined  by  interpolation. 
This  procedure  was  actually  followed  In  detail  for  each  of  the  salvo  experiment 
targets  for  a  number  of  ammunitions. In  that  case  the  computations  were 
performed  using  actual  aiming  errors  deduced  from  the  results  of  the  SALVO  1 
experiment.  It  is  felt  that  the  results  of  these  computations  would  not  be  grossly 
altered  if  they  were  done  with  the  predicted  errors  of  Tables  Ml  and  M2,  or 
even  the  '  Implified  predicted  values  of  Table  MS.  However,  the  comparative 
calculations  were  not  performed. 

The  calculations  that  were  performed  are  graphically  reproduced  in  rigs. 
M19  to  M19.  It  la  noted  that  this  entire  treatment  U  the  random  dispersion  is 
based  on  the  number  of  casualties  produced  rather  than  the  number  of  hits. 

The  casuall* 


.  *a  e  -  ei*.. 


fee  wjwwwaav 


and  the  attendant  overkill.  For  a  first  comparsion  between  the  prediction  and 
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test  results,  it  is  perhaps  desirable  to  present  the  predictions  in  terms  of  the 
data  thet  are  the  primary  measure— mainly  total  hits  rather  than  casualties.  It 
is  further  noted  that  the  results  presentcu  in  Figs.  M16  to  M19  ar.*  based  on 
aalvo  hits  per  single-bullet  hit.  This  method  of  presentation  is  convenient  and 
is  herein  retained. 


y 


Fig  MIS — Ralitf  Mop  of  Salvo  Cosuohy  Probobllitiat 
y  «  (1  NL)  +  'v) 


EIxaminatlon  of  Fig.  M16  shows  that  the  l.?-mii  disperulon,  which  was  al¬ 
ready  identified  as  characterizing  the  experimental  triplex  ammunition,  results 
in  a  casualty  increase  of  66  percent  over  the  single-bullet  ammunition.  Am 
the  rate  of  fire  and  the  lethality  per  bullet  are,  for  practical  purposes,  iiientical 
for  triplex  and  single-bullet  ammunition,  this  figure  must  be  corrected  only 
for  possible  overkill  by  multiple-bullet  hits.  The  theory  reveals  the  extent  of 
overkill  as  a  functioti  of  salvo  dispersion,  aiming  error,  and  target  size.  How¬ 
ever,  it  is  not  deemed  worth  while  to  perform  this  tedious  computation  for  the 
present  purpose;  instead  the  available  experimental  results  are  used. 

It  is  shown  in  App  O  that  the  proportions  of  single,  double,  and  triple  hits 
were  so  identified  are  82,  15,  and  i,  respectively.  These  figures  corre¬ 
spond  to  a  towl  of  124  hits  [82  +  (2  x  15)  (3  x  4)].  Using  the  same  70  percent 
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Fig  Ml &— Random  Triplax  Ammwnitian  Cosuolty  Incraosc  Fig.  M17 — Random  Triplex  Ammunition  Cosuoity  Increose 

os  o  Function  of  Dispersion  for  Doy  os  o  Function  of  Dispersion  for  Night 
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Lethality  value  used  iti  ORO>SP-24/’  overkills  can  be  accounted  for  in  the  fol¬ 
lowing  manner:  Of  the  124  hits,  101  are  fully  credited.  The  next  19  are  sec¬ 
ond  bullets  on  a  target  that  Is  only  30  percent  vulnerable;  Itencc  these  hits  are 
credited  as  5.7  effective  hits.  The  last  4  hits  are  third  hits  on  a  target  that  is 
now  only  about.  9  percent  vulnerable,  and  hence  are  credited  with  0.36  effective 
hits.  Thus  the  total  number  of  effective  or  equivalent  casualty-producing  hits 
ts  107,  as  compared  with  124  actual  bullet  hits  with  triplex  ammunition,  ihls 
ratio  of  124  to  1 07  is  used  to  convert  the  casualties  of  Fig.  M16  to  total  hits. 
When  this  is  applied,  the  1.66  becomes  1.92.  The  predicted  number  of  triplex 
hits  is  then  characterized  as  92  percent  greater  than  the  single-bullet  hits. 

This  prediction  may  be  compared  with  the  results  of  the  experiment, which  are 
an  average  of  114  singie-bulict  hits  compared  with  251  triplex  hits  per  run,  or 
an  experimental  increase  of  120  percent.  This  agreement  is  not  too  bad,  con¬ 
sidering  the  very  rough  assumptions  made  with  regard  to  the  actual  triplex 
pattern. 

The  night  triplex  prediction  is  based  on  Fig.  M17,  from  which  the  1.7-mii 
dispersion  yields  a  casualty  increase  of  80  percent  over  the  single-bullet  ammu¬ 
nition.  If  the  same  1.16  ratio  as  for  day  fire  is  used  to  account  for  overkill,  the 
predicted  number  of  triplex  hits  for  the  night  target  system  is  2.09  times  the 
predicted  number  of  single-bullet  hits.  However,  no  experimental  comparison 
is  available ,  since  night  triplex  runs  were  deleted  from  the  experiment. 

The  fiechettc  predictions  are  made  in  the  same  way  from  Figs.  M18  and 
M19.  It  is  anticipated  that  the  fiechette  casualties  for  the  day  and  night  target 
systems  are  1.28  and  3.74  times  those  for  single-bullet  ammunition,  respectively. 
In  this  case  the  lethality  per  projectile  used  in  the  computations  leading  to  these 
curves  is  Just  half  the  singie-buiiet  value.  Converting  from  casualties  to  total 
hits  requires  that  these  factors  then  be  doubled  (2.56  and  7.48  times  singie- 
buiiet  casualties).  It  is  further  noted  that  Figs.  M18  and  M19  are  based  on  an 
assumption  that  the  fiechette  rate  of  fire  is  80  percent  of  the  singie-buiiet  rate 
of  fire,  which  was  made  as  a  coarse  guess  based  on  the  relative  cumbersome¬ 
ness  of  the  shotgun  and  the  troops’  unfamiiiarity  with  the  weapon.  Results  of 
the  experiment  proved  the  actual  degradation  to  be  somewhat  greater,  resulting 
in  a  rate  of  fire  only  55  to  60  percent  that  of  rifle  fire. 


PREDICTIONS  COMPARED  WITH  ACTUAL  RESULTS 

It  is  instructive  now  to  gather  the  predictions  on  lounds  fired  and  hits 
scored  for  the  several  ammunitions  and  to  compare  them  in  tabular  form  with 
the  corresponding  experimental  results.  This  is  done  in  Tables  M12  and  M13. 


Table  Ml 2 

PnEmcTEn  Hounds  Fiheo  and  Hits  .Scored 


AmmwniiioB 

DaV 

Ni(thi 

Ronad* 

Hits 

Parcaat  hit* 

Increase 

1  nils 

Perceal  hit* 

iacreaa* 

Sia^lj  kulUt 

67a 

6a 

9.6 

671 

44) 

5.9 

Daplai 

67a 

11;* 

17.0 

1.77 

671 

— 

— 

— 

Triple* 

67a 

125 

18.5 

1.93 

671 

84 

12  5 

2.02 

Flechettas 

>  166 

>V0.7 

'l.tO 

.5.38 

>299 

>55.6 

>9.42 
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The  e.'iperimental  flechette  data  in  Table  M13  Is  taken  from  the  incomplete  runs 
and  proportionally  converted  to  equivalent  complete  runs  for  direct  comparison 
with  the  other  ammunitions.  It  should  further  be  noted  that  the  values  inserted 
in  Table  MIS  for  flechette  hits  are  based  only  on  the  predicted  flechette  casu¬ 
alties.  The  conversion  to  total  hits  regardless  of  overkill  was  not  made. 

Table  Ml 3 

F.xpesimental  ItonsDS  Fireo  and  Hits  Scored 


Ammunition 

D«y 

Nisht 

R  nundn 

Hitn 

Percent  hitn 

Increnne 

Rnwida 

Hitn 

Percent  hitn 

Increann 

Single  bullet 

577 

114 

19.8 

834 

42 

3.0 

Dnplex 

505 

164 

32.5 

1.64 

716 

65 

9.1 

i.B2 

Triple* 

579 

251 

43.4 

2. 19 

— 

— 

— 

— 

FlecLeiten 

364 

151 

41.5 

2.10 

420 

144 

34.3 

6.87 

Table  MU 


Predicted  IUt  PROBAniLmEs  and  Their  Stanoabd  Deviations 


Atnmunitian 

Day 

Night 

m 

Of 

R 

DS 

Op 

R 

Single  bnllet 

9.6 

1.1 

.5.9 

0.9 

Hrple* 

17.0 

1.4 

1.77 

0.25 

..m. 

— 

— 

Triple* 

18.5 

1.5 

1.93 

0.27 

12.5 

1.2 

2.12 

0.32 

FlecbeUea 

>30.7 

1.8 

3.20 

0.41 

>55.6 

2.1 

9.42 

1.50 

STATISTICAL  REUABIUTY 

It  is  of  interest  to  use  these  predicted  results  to  estimate  the  reliability 
with  which  conclusions  may  be  drawn  from  the  experiment.  Such  estimation 
is  a  key  featun-  in  experimental  design,  since  the  predicted  reliabilities  of 
computed  differences  and  ratios  establish  criteria  for  deciding  on  the  number 
of  repetitions.  The  predictions  of  Table  M12  are  examined  to  determine  the 
confidence  anticipated  for  tie  ratios  of  hit  probabilities  among  the  several  am¬ 
munitions.  The  procedure  rtarts  with  the  predicted  hit  probabilities,  which 
are  repeated  as  percentages  in  Table  M14.  The  standard  deviations  of  each 
of  these  percentages  are  then  computed  from  a  knowledge  of  the  percentage  of 
hits  P  and  total  rounds  fired  per  run  N: 

Of,  -  v/pd  -  n  V  {M24) 

The  computed  standard  deviations  Op  are  also  listed  In  Table  M14.  It  is  noted 
that  these  deviations  are  much  smaller  than  the  differences  among  the -proba¬ 
bilities.  The  next  column  (P)  of  Table  M14  lists  the  most  Important  qmntities 
sought  In  the  experiment,  namely,  the  ratios  of  each  of  the  three  types  of  salvo 
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hit  probability  to  the  control  or  sinfle-bullet  hit  probability.  Finally  the  meas¬ 
ure  of  re>‘ ability  of  this  ratio  la  arrived  at  by  using  Eq.  J3  of  App  J. 

Thek.e  values  are  finally  listed  in  Table  M14.  It  is  clear  from  the  table 
that  each  of  the  important  ratios  differs  from  unity  by  more  than  three  st.^id- 
ard  deviations,  which  means,  from  the  data  supplied  by  a  single  run,  tiint  the 
expected  ratios  are  more  than  99.7  percent  certain  of  being  truly  greater  than 
unity.  The  least  certainly  determined  ratio  is  the  ratio  of  duplex  to  single¬ 
bullet  hit  probabilities  in  day  firing  (1.77).  From  a  single  pair  of  runs  it  is 
determined  that  the  probable  error  of  this  ratio  is  0.17;  or,  in  simplest  terms, 
that  there  is  a  50-  50  chance  that  the  actual  ratio  will  be  determined  to  be  be¬ 
tween  1.60  and  1.94.  Six  runs  (as  scheduled  for  duplex)  of  each  type  determine 
the  50  percent  confidence  limits  on  this  ratio  from  1.70  to  1.84.  Clearly  this 
sort  of  reliability  in  the  significant  computed  parameters  is  adequate  for  in¬ 
terpretation.  If  it  can  be  concluded  that  duplex  ammunition  will  score  from 
70  to  84  percent  more  hits  than  single  bullets,  there  is  little  practical  use  in 
refining  this  advantage  any  further.  There  are  additional  correlations  from 
other  firings  of  the  same  ammunitions  under  somewhat  different  conditions. 
Although  not  amenable  to  simple  statistical  reilablllty  measures,  they  afford 
additional  evidence  of  reliability  from  observation  of  consistency. 
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SUMMARY 

The  SALVO  I  experiment  not  only  Involved  many  new  experimental  con¬ 
ditions  but  also  employed  measuring  and  control  equipment  that  had  not  been 
completely  tested  In  the  field.  It  Is  not  surprising  that  a  large  mimber  of  mal¬ 
functions  of  all  kinds  occurred.  These  ranged  from  trivial  difficulties  such  as 
the  misplacement  of  camouflage  to  the  actual  blowing-up  of  a  weapon— the 
latter  Is  perhaps  less  a  malfunction  than  a  catastrophe.  The  malfunction  data 
are  listed  fully  in  Tables  E4  and  E5  of  this  memorandum. 

The  occurrence  of  mallun'*tions  necessitated  changes  In  the  conduct  of  the 
test  and  in  the  analysis  of  the  results.  Other  .sections  of  this  memorandum 
deal  with  these  matters;  this  appendix  merely  describes  the  malfunctions  that 
occurred.  They  can  be  grouped  Into  three  different  classes:  (a)  weapon  mal¬ 
functions  (2  percent),  e.g.,  failure  to  feed;  (b)  malfunctions  In  data  collection 
(21  percent),  e.g.,  no  electronic  Indication  of  a  hit  on  a  target;  and  (c)  unplanned 
Irregularities  In  functioning  of  the  target  system  (H  percent),  e.g.,  a  targetnut 
appearing  at  the  rl^t  time. 


WEAPON  MALFUNCTIONS 

The  weapon-ammunition  malfunction  was  particularly  serious  in  that,  If 
the  Incidence  of  malfunction  was  not  fairly  uniform  for  all  weapons  and  animu- 
nltions,  the  effect  of  malfunction  could  possibly  obscure  differences  In  scores 
among  the  various  weapon -ammunition  combinations.  As  a  result  of  this  pos¬ 
sibility,  every  effort  was  made  during  the  runs  to  correct  each  malfunction 
quickly,  and  a  record  wras  kept  of  each  malfunction  and  Its  type.  However, 
since  the  malfunctions  were  not  recorded  automatically,  and  since  the  Infor¬ 
mation  concerning  the  malfunctions  was  recorded  after  the  run  was  completed, 
the  record  Is  not  highly  accurate.  There  also  Is  no  record  how  long  each 
test  subject  was  unable  to  fire  because  of  malfunctions.  Weapon  malfunctions 
are  detailed  In  Table  E3  of  this  memorandum. 

Fortunately  the  Incidence  of  malfunction  turned  out  to  be  fairly  uniform 
for  all  runs  with  the  exception  of  the  Gustafson  carbine  In  automatic  fire.  Each 
weapon  had  a  characteristic  major  source  or  sources  of  malfunction,  and  some 
ammunitions  tended  to  malfunction  In  characteristic  ways. 

One  change  In  the  original  test  design  can  be  attributed  In  part  to  the  at¬ 
tempt  to  minimize  malfunctions.  Originally  it  was  planned  to  fire  the  .30-cal 
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Table  N1 

TO^-.L  WEAPON  MALFUNCTIONS 


Weapon  and  ammunition 

Failure  to 

Rounds 

or  firing 

Feed 

Extract 

Eject 

Mi  8C  ‘^11 8n60UB 

1  Dial 

expended 

Ml,  unmodified 

.30-cal  single  bullet 

95 

11 

8 

10 

124 

5,363 

Ml .  modified 

.30-cai  single  bullet 

19 

15 

3 

0 

37 

6,863 

.30-cai  duplex 

19 

114 

5 

9 

147 

8,722 

.30-cal  triplex 

4 

14 

0 

3 

21 

1,157 

Carbine 

.22-cal  automatic 

184 

115 

17 

44 

360 

9,550 

.22-caI  semiautomatic 

56 

113 

13 

17 

199 

6,450 

T48 

.22-cal  automatic 

17 

29 

8 

35 

89 

8.58« 

.22-cal  semiautomatic 

17 

IG 

1 

26 

60 

5,554 

Shotgun 

32-flechette  load 

— 

— 

— 

9 

9 

553 

Total 

411 

427 

55 

153 

1646 

52,237 

Table  N2 

WEAPON  MALFUNCTIONS  PER  100  ROUNDS 


Weapon  and  ammunition 

Failure  to 

Mlsceilaneous 

Total 

or  firing 

Feed 

1  Extract 

Eject 

Ml,  unmodified 

.30-cal  single  bullet 

1.7 

0.2 

0.2 

0.2 

2.3 

Ml,  modified 

.30-oal  single  bullet 

0.3 

0.2 

O.C 

0.0 

0  5 

.30-cal  duplex 

0.2 

1.3 

O.i 

0.1 

1.7 

.30-cai  triplex 

0.3 

1.2 

0.0 

0.3 

1.8 

Carbine 

.22-cal  automatic 

1.6 

1.2 

0.2 

0.5 

3.8 

.22-cal  a emi automatic 

0.9 

1.3 

0.2 

0.3 

3.1 

T48 

.22-cal  automatic 

0.2 

0.3 

0.1 

0.4 

1.0 

.22-cal  aemlautomatlc 

0.3 

0.3 

0.0 

0.5 

1.1 

Shotgun 

32-flechette  load 

— 

— 

— 

1.6 

1.6 

Total 

0.8 

0.8 

0.1 

0.3 

2.0 
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single>bullet  (AP),  duplex,  and  triplex  ammunitions  from  the  same  weapon. 
During  th3  first  week  of  firing,  however,  it  appeared  that  there  was  a  high  rate 
of  malfunction  both  on  the  .single-bullet  and  duplex  runs  (the  triplex  runs  being 
discontinued  because  of  an  accident  that  will  be  described  later).  It  v'as  con¬ 
jectured  at  the  time  that  these  malfunctions  (mainly  failures  to  extract)  might 
be  due  to  fouling  of  the  chamber,  which  resulted  from  firing  singie-bullet  am¬ 
munition  in  the  specially  chambered  Ml  rifles.  It  war  conjectured  that 
the  paint  on  the  nose  of  ammunition  (used  to  Identify  hits  from  the  leading  bul¬ 
let  lur  Lite  first  two  duplex  runs)  might  also  be  a  factor.  On  tlie  advice  of  the 
Ordnance  Corps  representatives  present,  it  was  decided  to  discontinue  color¬ 
ing  the  noses  of  duplex  ammunition  and  also  to  fire  single-bullet  ammunition 
from  unmodified  Ml  rifles,  during  the  second  week.  Accordingly,  Board  III  at 
Fort  Denning  was  requested  to  furnish  12  usable  unmodified  Ml  rifles  for  the 
second  week  of  firing. 

The  substitution  of  the  unmodified  Ml  rifles  provided  by  Board  m  did  not 
have  the  effect  of  reducing  the  over-all  maifunction  rate.  In  fact,  during  the 
second  week  of  firing  there  was  a  greater  number  of  weapon-ammunition  mal¬ 
functions  during  the  single-bullet  runs  with  the  unmodified  rifles  than  during 
the  duplex  runs.  The  Ordnance  experts  at  tl.e  test  felt  that  the  Board  in  rifles 
were  to  some  extent  mechanically  substandard. 

A  summary  of  the  total  weapon  malfunctions  experienced  during  the  test 
Is  given  In  Table  Ni,  and  the  number  of  malfunctions  per  100  rounds  fired  is 
given  in  Table  N2. 

It  should  be  remembered  that  the  carbine  and  T48  used  were  weapons 
quite  changed  in  development  from  the  original  weapons,  and  that  the  “bugs* 
could  therefore  not  be  expected  to  have  been  eliminated.  Similar  statements 
could  be  made  about  the  extraction  problem  associated  with  the  long-necked 
duplex  and  triplex  cartridges.  The  low  maifnnetion  rale  of  t.he  modified  Ml 
rifles  firing  the  singie-builet  ammunition  points  up  the  much  higher  rate  of 
maifunction  found  in  the  unmodified  rifles  obtained  from  Board  m. 

Each  weapon  and  ammunition  had  its  chaiacteristic  malfunctions.  Those 
associated  with  the  long-necked  cartridges  in  the  modified  Ml  rifles  were 
primarily  failures  to  extract;  often  the  rim  would  be  stripped  from  the  cart¬ 
ridge  and  the  firer  would  require  help  in  clearing  his  weapon.  It  was  not  de¬ 
termined  w'iiether  a  faulty  cartridge  or  fouling  of  the  chamber  caused  the  fail¬ 
ure  to  extract.  The  carbine’s  characteristic  malfunction  was  associated  with 
the  magazine.  In  spite  of  the  pre-cautions  taken  to  keep  the  magazines  from 
being  bent  or  getting  dirt  in  their.,  failures  to  feed  because  of  bent  or  dirty 
magazines  were  common.  The  T48  magazine,  which  nominally  held  20  rounds, 
would  only  feed  If  loaded  with  10  rounds  or  less.  Many  malfunctions  also  oc¬ 
curred  because  of  broken  extractors,  which  usually  resulted  in  the  loss  of 
several  targets  for  the  firers. 

A  serious  complication  arose  when  a  modified  Ml  rifle  blew  up  during 
the  second  triplex  run,  causing  the  abandonment  cf  fuither  triplex  testing. 
Figure  Nl  shows  the  weapon  and  indlc?tes  that  the  flrer’s  escape  from  injury 
was  remarkable.  A  description  and  possihie  explanation  of  this  malfunction 
based  on  a  Springfield  Armory  observer’s  reconstruction  of  events  is  quoted 
from  a  letter  of  29  Jun  fiv  .■  Springfield  Armory  to  Ordnance  Weapons 
Command: 
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•  .  The  seventh  round  of  the  previous  clip  sppesrtnl  to  b*  fired  satlafsctorily. 
b.  The  eight  round  wss  chambered,  whether  wi^h  oi  without  hand  sssiatsnce 
was  not  known.  The  trigger  waa  squeezed  hut  the  round  did  not  fire.  (Springfield 
Armory  observer  indicated  that  possibly  the  mechanism  In  the  trigger  grip  to  record 
shots  fired  moved  the  hammer -spring  plunger  out  of  position  resulting  in  the  hammer 
not  falling.  This  had  previously  occurred  in  the  teats).  The  eighth  round  wss  then 
manually  extiacted  and  the  clip  ejected.  Upon  examination  of  the  eighth  round  by  the 
Springfield  Armory  observe*-  it  was  noted  that  the  projectiles  were  set  hsck  Into  the 
cartridge  caae.  Ihe  esse  was  cut  open  and  the  rearmost  projectile  was  in  a  position 
where  it  may  or  may  not  have  been  Just  held  in  alignment  hy  the  cartridge  esse. 


(/S  Ameyr  Or4nmm€m  C#fpi 


Fi9.  N1 — Rifle  Domoged  Hy  Triplex  Round 


c  A  new  clip  was  Inserted  in  the  rifle  and  the  first  round  chambered  (whether 
assisted  home  is  not  known).  The  trigger  was  squeezed  and  the  weapon  fired  and  the 
aforementioned  damage  occurred.  The  bolt  waa  still  in  the  lucked  position  possibly 
slightly  rotated. 

A  discuasiui  was  held  with  the  Springfield  Armory  observer  and  other  Armory 
personnel  including  metallurgists  and  design  engineers,  vd  the  following  poeelhle  causes 
of  the  accident  were  offered: 

a  The  seventh  round  o(  the  previous  clip  flredbut  tha  rssnnost  projsctils  (having 
become  loose  end  moved  resrwerd  Into  the  powder  charge)  remained  in  the  berrel  bullet 
seat.  The  eighth  round  was  chambered  forcing  Ita  projectiia  rearward.  Tha  first  rotmd 
of  the  new  clip  was  fired  with  a  projectiia  already  in  the  bore. 

b.  The  hlown-up  round  could  have  contained  four  projectiles  inateed  of  three, 
ceueing  coneldcraMs  prseaurs  build-up  and  the  reeultlag  damage 

c.  Tbs  damage  may  have  resulted  from  a  atubbii^t  of  the  fine!  rtxtnd,  pushing  the 
reermc**  projectile  beck  Into  the  cartridge  case.  Upon  firing,  if  the  rear  projectile 
were  delayed  la  the  neck  of  the  ceea,  the  pressure  could  possibly  be  built  up  eufficlsaaly 
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to  cause  the  case  to  be  blown  out  to  the  rear.  Examination  of  the  blown  case  indicates 
that  pressures  were  in  the  vicinity  of  90,000  to  100,000  psl. 

d.  The  seventh  round  of  the  previous  clip  couid  have  had  a  reduced  powder  charge, 
which  upon  firing  might  have  left  the  three  projectiles  in  the  bore.  Therefore,  upon 
firing  the  first  round  of  the  ne.xt  clip  alx  projectiles  would  be  in  the  bore,  causing  in¬ 
creased  chamber  pressure. 

DATA-C»LLECT10N  MALFUNCTIONS 

The  original  plan  had  been  to  collate  each  firer’s  trigger  pulls  with  hits 
on  the  targets  by  measuring  the  time  interval.  Unfortunately  the  target  and 
the  trigger -puii  recording  system  were  very  sensitive  to  line  surges,  vibra¬ 
tion,  weather  tactors,  and  other  conditions.  As  a  resuU,  the  records  are  full 

Table  N3 

DATA-COLLECTION  MALFUNCTIONS 


Type  of  malfunction 

Week  1 

Week  2 

Total 

Percent  of  total 

No.  of  malfunctions 

events  or  uses 

Trigger-switch  failure 
Hit-recording  faiiures 

Target  compietely  shorted 

12 

30 

42 

0.1 

(dampness) 

Target  intermittentiy  shorted 

54 

15  i 

205 

7.8 

5.9 

(noise) 

44 

33 

77 

5.1 

Target  with  open  circuit 

Target  facet  came  off  to 

5 

0 

5 

0.3 

BOuiu  degree 

4 

3 

7 

0.5 

Faiiure  of  recording  apparatus 

22  tgt 

2  tgt 

24  tgt 

1.6 

Total 

129 

189 

318 

21.3 

of  ‘noise,”  making  the  distinction  cS  correct  from  spurious  Indications  most 
difficult.  Firm  data  were  obtained  from  ammunition  counts  of  rounds  fired 
and  holes  in  target  faces.  Occasionally,  pebbles  thrown  up  by  ricochets  would 
make  holes,  or  an  eige  hit  might  not  show  on  the  target  face. 

A  log  was  kept  of  malfunctions  on  each  run;  a  summary  of  the  data- 
collection  malfunctions  is  given  in  Table  N3.  It  is  not  clear  from  the  record 
how  much  overlap  exists  between  some  of  these  malfunctions;  e.g.  a  target 
might  have  been  recorded  as  intermittently  shorted  when  it  was  also  noted  as 
completely  shorted  during  the  run.  The  malfunctions  increased  during  the 
second  week  as  the  equipment  was  more  used;  this  was  especially  true  of  the 
target  system,  which  accumulated  dirt  in  the  relays. 

TARGET-SYSTEM  MALFUNCTIONS 

As  some  of  the  components  were  used,  they  tended  to  fatigue  or  function 
less  well.  Table  N4  shows  the  malfunctions  experienced  by  week,  taken  from 
Table  E4  of  this  memorandum. 
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Table  N4 

TARGET-SYSTEM  MALFUNCTIONS 


Type  ot  malfunction 

Week  1 

ToUl  ] 

Percent  of  total 

No. 

of  malfunctions  j 

events  or  uses 

Difficulties  asaociated  with  target 
functioning 

Failure  to  rise 

21 

21 

42 

2.8 

Failure  to  move,  moving 
targeta  only 

0 

13 

13 

0.9 

Up  at  the  wrong  time 

2 

5 

7 

0.5 

Down  too  soon 

3 

40 

43 

2.9 

Down  too  late 

8 

36 

44 

2.9 

Two  targets  up  almultaneously 

9 

8 

17 

1.1 

Total 

43 

123 

166 

11.1 

Difficulties  aaaociated  with  seeing 
targeta 

Target  face  came  off  lo  aome 
degree 

4 

3 

7 

0.5 

Target  face  too  dark 

157 

0 

157 

10.5 

Camouflage  too  heavy 

71 

34 

105 

7.0 

Camouflage  too  light 

6 

47 

53 

3.5 

Total 

238 

84 

322 

21.5 

Difficulties  associated  with 
combat  aimulation 

Demolitions  failed  to  fire 

6 

10 

18 

2.4 

Blanks  failed  to  fire 

10 

45 

55 

7.4 

Total 

18 

55 

73 

9.8 

Table  N5 

SUMMARY  OF  MALFUNCTIONS 


Malfunctions, 

Major  categories 

% 

Weapon  firing 

2.0® 

Target  operation 

11. 1^ 

Hit  recording 

21.3*= 

^Of  tutai  firlnKa. 

°of  total  operations. 
®Of  total  hila. 
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Some  of  the  malfunctions  listed  In  Table  N4  are  clearly  not  malfunctions 
in  equipment  but  rather  incidents  that  represent  changes  in  the  experimental 
design.  For  example,  the  target  faces  used  in  the  first  runs  often  blended  so 
well  into  the  background  that  the  target  was  not  even  shot  at,  and  accordingly 
the  faces  were  lightened.  Another  feature  about  the  data  in  Table  N-l  Is  the 
overlap  between  some  of  the  items;  e.g.,  if  a  dark  and  camouflaged  target  was 
scheduled  to  appear  but  was  not  seen  by  the  experimenter  who  kept  the  log, 
the  target  might  be  listed  as  possibly  not  appearing  and  as  possibly  being  overly 
camouflaged.  No  attempt  is  made  in  this  table  to  resolve  such  overlap. 

The  major  categories  of  malfunction  are  summarized  by  percentage  in 
Table  N5. 
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SUMMARY 

The  electrically  recorded  hit  daU,  though  incomplete,  yield  proportions 
of  single,  double,  and  triple  hits  per  trigger  pull  for  duplex  and  triplex  am¬ 
munition  and  carbine  and  T48  automatic  fire.  From  these  proportions,  for 
given  bullet  lethalities,  net  lethalities  are  computed,  discounting  overkill. 
Penetration-failure  degradations  are  also  computed  for  duplex,  triplex,  and 
flechette  ammunitions.  Table  06  summarizes  the  results. 


PERCENTAGE  OF  MULTIPLE  HITS 

Tables  01  to  04  show  the  breakdown  ctf  the  multiple  and  total  salvo  hits. 
These  data  are  obtained  exclusively  from  the  electrical  hit  record.  It  Is  noted 
that  the  total  hits  electrically  recorded  for  each  run  do  not  agree  with  the 
target-hole  counts  of  Table  E6  of  this  memorandum.  This  is  due  to  imperfect 
operation  of  the  electric  hit-recording  system.  If  it  is  assumed  tlat  the  mal¬ 
function  of  the  electrical  recording  svstem  were  not  Itself  biased  with  respect 
to  multiple  hits,  then  the  proportions  of  multiple  hits  are  valid.  These  pro¬ 
portions  may  then  be  used  with  the  more  accurate  total  hit  counts  from  the 
target  faces. 

The  multiple-hit  data  plus  the  bullet  lethalities  of  App  B  supply  the  req¬ 
uisite  data  for  discounting  overkills  by  salvo  ammunition.  Hits  and  hit  prob¬ 
abilities  are  tiius  reduced  to  casualties  and  casualty  probabilities,  a  superior 
criterion  for  comparative  effectiveness. 

The  small  sample  size  makes  tlie  illumination -position  (IP)  differences 
for  each  ammunition  unreliable.  Further  considerations  wlii  utilize  only  the 
total  percentages  for  each  ammunition.  It  Is  quite  possible  to  compare  the 
percentage  of  duplex  second-bullet  hits  with  theory  from  ORO-SP-4;‘*  the  per¬ 
centage  of  triplex  second-  and  third-bullet  hits  can  also  be  compared  with  theory 
from  ORO-SP-24.”  These  comparisons  are  laborious  and  have  not  been  made. 
However,  casual  examinations  reveal  agreement  of  data  and  theory  In  general 
magnitude. 

The  excess  of  carbine  over  T48  multiple  hits  is  thought  to  be  real  and  is 
explained  by  the  deliberately  built-in  Jump  compensation  on  the  carbine.  The 
stock  shape,  muzzle  brake,  balance,  and  recoil  control  were  designed  to 
minimize  Jump  in  automatic  fire.  The  difference  of  3  percent  second-bullet 
hits  is  rather  trivial,  however,  especially  considering  that  the  3  percent  Is  de¬ 
graded  by  a  factor  1  -  I.,  where  L  is  the  chance  that  the  first  hit  incapacitated 
the  target.  For  I  *  0.7,  the  net  effectiveness  Inc.ease  duo  to  Jump  compen¬ 
sation  oi  the  carbine  over  the  T48  in  automatic  fire  la  Just  1  percent. 
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Table  01 

PERCENTAGE  OF  DUPLEX  DOUBLE  HITS 


Run 

P*’ 

Double 

hits 

Total  hits 

Double 
hits,  % 

2 

D 

S 

14 

118 

11.9 

4 

D 

s 

nd 

nd 

nd 

33 

D 

s 

11 

109 

10.1 

35 

D 

S 

10 

76 

13.2 

57 

D 

s 

13 

77 

16.9 

59 

D 

s 

9 

81 

11.1 

66 

D 

s 

16 

100 

16.0 

68 

D 

s 

10 

70 

14.3 

Subtotal 

D 

s 

83 

631 

13.1 

6 

D 

»t 

21 

159 

13.2 

37 

D 

St 

22 

197 

11.8 

61 

D 

St 

23 

122 

18.8 

Subtotal 

D 

St 

66 

468 

14.1 

8 

N 

s 

u 

X8 

16.7 

39 

N 

s 

3 

17 

17.6 

63 

N 

s 

8 

45 

17.8 

Subtotal 

N 

s 

14 

90 

17.r 

Total 

163 

1179 

13.8 

is  lllumlnaticm,  D  la  day,  N  is  night. 

°P  is  firing  position,  S  is  sitting,  St  Is  standing. 


Table  02 


PERCENTAGE 

OF  TRIPLEX 

DOUBLE 

AND  TRIPLE 

HITS 

Run 

Double 

hits 

Triple 

hits 

Total  hits 

Double 
hits,  % 

Triple 

hita.% 

16 

21 

5 

171 

15.2 

2.9 

28 

9 

3 

87 

13.8 

3.4 

Total 

30 

8 

258 

14.7 

3.1 
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Tabie  03 

PERCENTAGE  OF  CARBINE  AUTOMATIC  DOUBLE  HITS 


Run 

P* 

Doub  ) 
hits 

Total  hits 

Double 
hits,  % 

18 

D 

S 

7 

97 

7.2 

20 

D 

S 

nd 

nd 

nd 

41 

D 

s 

1 

28 

3.6 

43 

D 

s 

1 

60 

1.7 

Subtotal 

D 

s 

9 

185 

4.9 

22 

D 

s 

nd 

nd 

nd 

45 

D 

St 

1 

41 

2.4 

24 

K 

s 

2 

17 

11.8 

47 

N 

s 

1 

9 

11.1 

Subtotal 

N 

s 

3 

26 

11.5 

Total 

13 

252 

5.2 

ft 

For  abbreviations  see  footnotes  to  Table  Ol. 


Table  04 

PERCENTAGE  OF  T48  AUTOMATIC  DOUBLE  HITS 


Run 

I* 

P“ 

Double 

hitfi 

Total  hits 

Double 
hits,  % 

10 

D 

S 

2 

52 

3.8 

12 

D 

S 

3 

6C 

4.5 

49 

D 

s 

0 

31 

0.0 

51 

D 

s 

1 

69 

1.5 

Subtotal 

D 

s 

6 

218 

2.8 

14 

D 

St 

0 

22 

0.0 

63 

D 

St 

0 

32 

0.0 

Subtotal 

D 

St 

0 

54 

0.0 

18 

N 

s 

1 

16 

6.3 

55 

N 

s 

0 

33 

0.0 

Subtotal 

N 

s 

1 

49 

2.0 

Total 

7 

321 

2.2 

*For  abbreviations  see  footnotes  to  Table  Ol. 
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OVERKILL  CORRECTION 

The  lethal  proportion  of  total  hits  for  salvos  up  to  three  Is  given  by 

-5,(1 -L)"-'/./*,  (Ol) 

where  P/.  Is  the  lethal  proportion  of  all  hits,  Lis  the  single  projectile  lethality, 
and  P„  Is  the  proportion  of  hits  by  n  projectiles  from  the  same  trigger  pull. 

Table  05  summarizes  the  net  lethalities  P^  of  the  sev^iul  salvo  ammu¬ 
nitions,  discounting  overkill.  All  single-bullet  lethalities  L  a  re  taken  as  70  percent. 

No  effort  was  made  to  employ  electrical  recording  of  flechette  hits; 
hence  there  are  no  data  on  flechette  multiple  hitting. 

Table  05 

NET  LETHALITIES  OF  SAIVO  AMMUNITIONS 


Ammunition  or  firing 

Double 
hits,  % 

Triple 
hits ,  % 

Duplex 

14 

0 

63.1 

Triplex 

15 

3 

60.7 

Carbine  automatic 

5 

0 

67.6 

T48  automatic 

2 

0 

68.6 

All  single  hits 

0 

0 

70.0 

PENETRATION  FAILURE 

The  net  effectiveness  comparisons  require  measures  of  hits,  rounds 
fired,  bullet  lethalities,  multiple  hits,  and  penetrations.  Appendixes  J  and  K 
of  this  memorandum  give  the  basic  data  on  hits  and  rounds  fi>'cd.  This  appendix 
g^ves  data  on  multiple  hits  (overkills).  Appendix  B  gives  data  on  bullet  lethal¬ 
ities.  Apps  B  and  P,  penetration  Indexes  are  deduced. 

Appendix  B  indicates  that  the  duplex  ammunition  begins  to  fail  to  penetrate 
helmets  at  300  yd.  Tables  PI  and  P2  of  this  memorandum  reveal  that  for  day 
and  night  target  systems  the  proportions  of  hits  beyond  300  yd  arc  1.4  and  0  per¬ 
cent,  respectively.  As  App  B  indicates  that  (he  helmet  affords  18  percent  effec¬ 
tive  coverage,  this  cr<rresponds  to  a  0.3  percent  net  day  degratlon  for  duplex, 

0.2  percent  average,  weighting  day  three  times  night. 

The  triplex  falls  to  penetrate  at  ISO  yd.  Tables  PI  and  P2  of  this  memo¬ 
randum  give  47.8  p^'rcent  and  15.2  percent  hits  beyond  150  yd  for  day  and  night, 
respectively.  This  'orresponds  to  8.6  percent  day  and  2.7  percent  night  net 
degradation  for  trip  ex,  7.1  percent  average,  weighting  day  three  times  night. 

From  App  B  o.  this  memorandum  it  la  estimated  that  two-thirds  of  the 
flechettes  penetrate  helmets  from  0  to  150  yd,  aivd  that  half  of  the  flechettes 
penetrate  from  150  to  350  yd.  Using  the  percentages  above  for  hits  within  snd 
beyond  150  yd,  It  is  deduced  that  there  will  be  6  peioent  degradation  for  the 


356 


\jrxKf*  1 


CMIFIDENTIAl 


CONFIDENTIAL 


hits  to  150  yd,  9  percent  degradation  beyond  150  yd.  The  resultant  net  degrad¬ 
ations  for  fiechettes  are  summed  for  the  two  proportions  of  targets.  The  net 
day  degradation  is  9%  x  47.6%  plus  6%  x  52.4%,  or  7.4  percent.  The  night  de¬ 
gradation  is  9%  X  15.2%  plus  6%  x  84.8%,  or  6.5  percent,  7.2  percent  average, 
weighting  day  three  times  night. 

Lf  these  p>enetratlon  degradations  are  now  combined  with  the  net  lethalities 
of  Table  05,  indexes  may  be  deduced  that  can  be  used  to  degrade  hits  for  bullet 
lethality,  salvo  overkill,  and  penetration  failure.  These  indexes  are  presented 
in  Table  06.  When  multiplied  by  hits,  they  yield  casualties. 

It  Is  perhaps  Instructive  to  estimate  what  overkill  degradation  factor 
seems  reasonable  for  fiechettes.  The  next  most  multiple  saivo,  triplex,  has 

Table  06 

OVERKILL  AND  PENETRATION  INDEXES 


Ammunition  or  firing 

Day 

Night 

Single-bullet 

0,700 

0.700 

Duplex 

0.629 

0.631 

Triplex 

0,556 

0.591 

Flechette 

0.324  X 

0.327  \ 

Carbine 

Semiautomatic 

0.700 

0.700 

Automatic 

0.G7G 

0.o7o 

T48 

Semiautomatic 

0.700 

0.700 

Automatic 

0.686 

0.686 

*The  flechctte  overkill  degradation  X  is 
unmeasured. 


a  ratio  of  82:15:3  for  first  to  second  to  third  bullets.  Probably  fiechettes  get 
no  worse  multiplicity  of  hits  than  a  ratio  of  64:30:6,  double  the  triplex  multiple 
hits.  This  ratio  for  P| :  P2:  P3,  together  with  a  lethality  L  of  0.35,  yields  a  net 
lethality  p£,  of  30.9  fromEq.  Ol.  This  corresponds  to  a  degradation  factor  X 
of  0.86  (309/350).  For  lack  of  better  information,  this  estimated  \  in  Table 
06  yields  flechette  indexes  of  0.279  day  and  0.281  night.  T.he  lower  basic 
lethality  P  clearly  moderates  the  overkill  degradation. 
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SUMMARY 

The  essential  identified  target  characteristics  are  range,  exposure  time, 
size,  movement,  concealment,  and  blank  (ire.  Range  is  assumed  to  affect  hits 
as  the  inverse  square;  exposure  time  in  direct  proportion  (less  initial  lag 
allo'i’ance). 

With  th^sc  two  assumptions,  the  hit  data  are  reduced  to  eliminate  range 
and  time  differences  and  are  examined  for  effects  of  the  other  characteristics. 

1  rnmfOmAnt  n  fOUZld  ^0  ll2,V6  littlC  Cff^Ct  OH  Cf  * 

small  vs  large  size  reduces  hits  some  70  percent;  blank  firs  increases  hits  some 
50  to  100  percent.  Concealment  decreases  rounds  fired  by  25  or  30  percent. 

These  correction  factors  are  applied  to  standard  targets  to  predict  the 
number  of  hits  on  each  of  the  targets  of  the  experiment.  The  predictions  are 
in  reasonable  agreement  with  actual  smres. 


RANGE  AND  TIME  REDUCTION 

The  target  characteristics  considered  are  those  that  may  substantially 
affect  the  number  of  hits  and  rounds  fired.  These  include: 

a.  Rangi 
52-339  yd 

b.  Exposure  time  of  target 
3.0-34.5  sec 

c.  Arctt  of  target 

E  target  (4.59  sq  ft) 

F  target  '2.38  sq  ft) 

d.  Lateral  movement  of  target 
Stationary 

Approximately  4.2  mph 

e.  Concealment  of  target 
None 

Partial 

(.  Blank  fire  at  target 

The  day  and  night  targets  art  listed  separately  in  Tables  PI  and  P2  with 
their  characlertstlcs,  and  the  data  from  Tables  FI  to  F19  on  hits  for  all  ruas 
with  all  weapons  c.xcept  the  flechette.  These  include  51  dsy  rurs  and  IS  night 
runs.  Characterlstirs  such  as  representatkn  if  defense  vs  asssult  and  time 
and  space  relations  to  other  targe'a  sre  omitted,  as  they  are  not  expe'-ted  to 
measurably  affect  the  number  of  hita  achieved 
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Tables  PI  and  P2  show  simple  linear  mean  target  ranges  oi  IjO  yd  tor 
day  and  135  yd  for  night.  The  average  ranges  of  hitting  are  deduced  by  weight¬ 
ing  each  range  by  the  hits  scored  at  that  range.  This  procedure  yields  aver¬ 
age  ranges  of  hitting  of  133  yd  for  day  and  85  yd  for  night. 

The  change  in  number  of  hits  with  changes  in  range  is  first  assumed  to 
be  Inversely  proportional  to  the  square  of  the  range.  This  assumption  is  jus¬ 
tified  for  hit  probabilities  of  20  p>ercent  or  less.  The  expansion  of  the  expo¬ 
nential  expression  lor  hit  probability  gives  a  l/,'?2  term  followed  by  terms 

Table  PI 

DAY- TARGET  CHARACTERISTICS  AND  HITS 


largei 

no. 

Hinge, 

yd 

Moving 
(~4.2  mph) 

Partly 

concealed 

small 

size 

Hot 

firidg 

blanks 

Eiiposure 
time,  aec 

T  ‘q*  J 

bits 

5 

74 

X 

4.5 

229 

7 

77 

— 

X 

X 

15.0 

1181 

9 

86 

— 

— 

— 

X 

4.5 

505 

10 

89 

— 

X 

X 

— 

15.0 

936 

13 

111 

— 

X 

X 

— 

19.5 

577 

14 

127 

— 

X 

X 

— 

9.0 

258 

15 

1.39 

— 

— 

X 

X 

4.5 

20 

16 

152 

X 

— 

— 

X 

9.0 

291 

18 

162 

X 

— 

— 

X 

6.0 

332 

19 

164 

X 

— 

— 

X 

15.0 

454 

20 

165 

— 

X 

— 

A 

31.5 

1387 

21 

169 

— 

— 

— 

X 

3.0 

61 

22 

176 

— 

X 

— 

— 

4.5 

58 

24 

216 

— 

X 

X 

X 

4.5 

15 

25 

218 

-- 

X 

X 

X 

9,0 

58 

28 

245 

-- 

— 

— 

— 

6.0 

127 

29 

259 

— 

— 

— 

— 

10.5 

258 

30 

267 

— 

— 

— 

X 

3.0 

4 

31 

269 

— 

X 

X 

— 

25.5 

178 

32 

334 

— 

— 

X 

— 

7.5 

20 

33 

336 

— 

— 

X 

X 

.3  0 

2 

34 

339 

— 

X 

X 

— 

21.0 

70 

Total 

4174 

3 

10 

12 

11 

231.0 

7133 

Mean 

190 

10.5 

successively  smaller  by  factcrs  of  at  least  2  times  probability  squared.  Foi 
P  3  20  percent,  the  second  term  is  oitly  10  percent.  The  error  in  using  only 
the  first  term  of  this  altematlng-slgn  series  is  then  less  than  10  percent.  The 
change  in  hits  with  changes  in  exposure  time  Is  assumed  to  be  proportional  to 
tlie  ratio  of  the  time,  each  less  1  ^5  sec.  This  1.75  sec  is  deduced  in  App  1 
as  the  mean  lag  time  from  target  erection  to  steady  hit  rate.  For  example  to 
derive  reduced  hits  from  actual  (or  unreduced)  hits  >i|  from  a  target  of  given 
range  and  duration  i^Cin  seconds)  to  an  expected  hits  .'>2  for  a  new  target  of 
range  Ri  duration  i-»  the  pro«.  edure  is 

Aj  -  A, (A,  l.'SI  w,  -  1.7M,  (Pl) 
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Tables  P3  and  P4  show  the  targets  organized  Into  groups  (A,  D,  etc.)  hav¬ 
ing  like  characteristics.  The  total  hits  froin  all  66  runs  on  Tables  FI  to  F19 
are  adjusted,  using  Eq.  PI,  to  what  would  be  expected  at  each  target  if  It  were 
located  at  the  mean  range  (190  yd)  and  exposure  time  (10.5  sec)  for  all  day  tar¬ 
gets.  The  night  targets  are  adjusted  to  the  same  range  and  exposure  time  for 
direct  comparison  with  day  targets. 


Table  P2 

NIGHT-TAhGET  CHARAC1  ERISTICS  AND  HITS 


Target 

Fin 

Range, 

yd 

Moving 
(~4.2  ruph) 

Partly 

concealed 

Small 

size 

Not 

firing 

blanks 

Exposure 
time,  sec 

Total 

hits 

1 

52 

X 

X 

X 

28.5 

220 

2 

63 

— 

— 

— 

X 

3.0 

33 

3 

65 

— 

— 

— 

X 

7  5 

116 

4 

67 

X 

X 

X 

12.0 

60 

6 

76 

— 

— 

— 

X 

4.5 

44 

8 

78 

— 

— 

X 

— 

19.5 

73 

It 

90 

— 

X 

X 

— 

4.5 

40 

12 

91 

— 

— 

X 

X 

9.0 

11 

13 

111 

— 

X 

X 

— 

19.5 

39 

14 

127 

— 

X 

X 

— 

9.0 

21 

15 

139 

— 

— 

X 

X 

4  5 

4 

16 

152 

X 

— 

— 

X 

10.5 

IH 

17 

161 

— 

— 

— 

X 

3.0 

0 

18 

162 

X 

— 

— 

X 

6.0 

9 

19 

164 

X 

— 

— 

X 

18.0 

15 

20 

165 

— 

X 

— 

X 

34.5 

68 

21 

169 

— 

— 

— 

X 

4.5 

2 

22 

176 

— 

X 

— 

— 

9.0 

3 

23 

209 

— 

— 

X 

X 

3.0 

0 

25 

218 

— 

X 

X 

X 

15.0 

2 

26 

221 

— 

— 

X 

— 

7.5 

1 

27 

223 

— 

X 

X 

— 

21  0 

0 

Total 

Mean 

2979 

135 

3 

9 

12 

15 

253.5 

11.5 

771 

SIZE,  MOVEMENT,  CONCEALMENT,  AND 
BLANK-FIRING  EFFECTS 

The  targets  in  any  one  group  In  Tables  P3  and  P4  arc  assumed  now  to  be 
alike  in  Important  respects.  The  hits  data  are  combined  within  each  group  jo 
the  groups  may  be  compared.  The  run  and  target  product  Is  the  total  numc«r 
of  items  of  data  or.  which  values  are  uased.  The  mean  number  of  hits  per  run 
Is  listed  for  each  target  group. 

The  relative  variance  in  hits  Is  from  the  bli.omlnal  distribution 

with  standard  deviation  ('Z^).  For  h  actual  nits,  o  •  /Kq.  For  relatively  low 
hit  probability,  q  may  be  approximated  by  unity.  Hence  o*  »  h.  For  mean  hits 
liA ,  the  variance  Is  h/N^.  The  relative  variance  of  the  mean  Is  by  definition 
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Table  P3 

DAY -TARGET  GROUPS 
(Adjusted  to  190  yd  and  10.5  secj 


Target 

Tsrget  group  to 

Moving 
'~4.?  mph) 

Partly 

concealed 

Small 

size 

Not 

firing 

blanks 

Run  and 
target 
product 

V 

ToUl 

hits 

K 

Mean 

hits 

h 

Relative 

variance 

A 

28 

— 

— 

— 

434 

— 

29 

— 

— 

— 

479 

— 

— 

Group  values 

— 

— 

— 

— 

102 

913 

8.94 

0.00110 

B 

5 

— 

— 

X 

— 

— 

110 

— 

— 

32 

— 

— 

V 

— 

94 

— 

— 

Group  values 

— 

— 

X 

— 

102 

204 

2.00 

0.00490 

C 

9 

— 

— 

— 

X 

— 

329 

— 

— 

21 

— 

— 

— 

X 

— 

336 

— 

— 

30 

— 

— 

— 

X 

54 

— 

— 

Group  values 

— 

— 

— 

X 

153 

719 

4.70 

0.00139 

D 

15 

— 

— 

X 

X 

— 

34 

33 

— 

— 

X 

X 

— 

46 

— 

— 

Group  vslues 

— 

— 

X 

X 

102 

80 

0.78 

0.0125 

E 

7 

— 

X 

X 

— 

— 

128 

10 

— 

*».• 

X 

— 

— 

nr, 

— 

— 

13 

— 

X 

X 

— 

— 

97 

— 

— 

14 

— 

X 

X 

— 

— 

139 

— 

— 

31 

— 

X 

X 

— 

— 

131 

— 

— 

34 

-■ 

X 

X 

— 

— 

102 

— 

Group  values 

— 

X 

X 

— 

300 

733 

2.40 

0.00136 

F 

20 

— 

X 

— 

X 

— 

307 

— 

— 

22 

— 

X 

— 

X 

— 

157 

— 

— 

Group  values 

X 

— 

X 

102 

464 

4.35 

0.00216 

G 

16 

X 

— 

— 

X 

— 

225 

— 

— 

18 

X 

— 

— 

X 

496 

— 

19 

X 

— 

— 

X 

— 

223 

— 

— 

Group  values 

X 

— 

— 

X 

153 

944 

6.17 

0  00106 

H 

24 

— 

X 

X 

X 

— 

46 

— 

— 

25 

— 

X 

X 

X 

— 

92 

— 

— 

Group  values 

X 

X 

X 

102 

138 

l.JS 

0.00725 
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Table  P4 

nkjHT-target  groups 

(Adjuated  to  190  yd  and  10.5  sec) 


Target  group 

Target 

no. 

Moving  Partly 

(~4.2  mph)  concealed 

Small 

size 

Not 

firing 

blanks 

Run  and 
target 
product 
\ 

Total 

hits 

h 

Mean 

hits 

T, 

Relatlvo 

var'iiice 

(«*  /'X 

I 

22 

— 

X 

— 

— 

15 

3 

0.20 

0.333 

J 

8 

— 

— 

X 

— 

— 

6 

— 

— 

26 

— 

— 

— 

2 

— * 

— 

Group  valuea 

— 

— 

X 

— 

30 

8 

0.27 

0.125 

K 

2 

— 

— 

— 

X 

— 

25 

— 

— 

3 

— 

— 

— 

X 

— 

21 

— 

— 

6 

— 

— 

— 

X 

— 

23 

— 

— 

17 

— 

— 

— 

X 

— 

0 

— 

— 

21 

— 

— 

— 

X 

— 

5 

— 

— 

Group  values 

— 

— 

— 

X 

75 

74 

0.99 

0.014 

L 

12 

— 

— 

X 

X 

— 

3 

— 

— 

15 

— 

— 

X 

X 

— 

7 

— 

— 

23 

— 

— 

X 

X 

— 

0 

— 

— 

Group  values 

— 

— 

X 

X 

45 

iO 

0.22 

0.100 

M 

11 

— 

X 

X 

— 

— 

28 

— 

— 

13 

— 

X 

X 

— 

— 

7 

— 

— 

14 

— 

X 

X 

— 

— 

11 

— 

— 

27 

— 

X 

X 

— 

0 

— 

— 

Group  valuea 

— 

X 

X 

— 

60 

46 

0.77 

0.022 

N 

20 

— 

X 

— 

X 

15 

14 

0.93 

0.071 

O 

16 

X 

— 

— 

X 

— 

11 

— 

— 

18 

X 

— 

— 

X 

— 

13 

— 

— 

19 

X 

— 

— 

X 

— 

6 

— 

— 

Group  values 

X 

— 

— 

X 

45 

30 

0.67 

0,033 

P 

1 

— 

X 

X 

X 

— 

5 

— 

4 

— 

X 

X 

X 

— 

6 

— 

— 

25 

— 

X 

X 

X 

— 

2 

— 

— 

Group  valuea 

— 

X 

X 

X 

45 

13 

0.29 

0.077 
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just  (hA*)/(li/\')2,  or  l/h-  This  Is  the  relative  variance  {fjl/h)  '.  shown  in 
Tables  P3  and  P4  for  each  group.  The  hit  values  are  simply  the  actual  hits 
(i;)  from  Tables  PI  and  P2,  added  together  for  the  appropriate  groups. 

Table  P5  compares  appropriate  groups  of  targets  by  the  ratio®  of  their  ad¬ 
justed  mean  hits  (h2/hi)  to  provide  an  estimate  of  the  effect  of  each  target  char 
acteristlc  on  the  nu.nber  of  holes  counted. 


Table  P5 


EFFECTS 

OF  TARGET 

CHARACTERISTICS 

ON  HITS 

"larget 

characteristic 

Target 

groups 

compared 

Ratio  of 
mean  hits 
per  run 

Weight 

1/ff* 

Weighted 

ratio 

Small  target  size 

B:A 

0.224 

3310 

742 

D:C 

0.166 

2610 

433 

H:F 

0,297 

1200 

357 

L:K 

0.222 

178 

40 

M:1 

0.395 

18 

7 

P:N 

0.312 

69 

22 

Total 

— 

— 

7385 

1601 

Weighted  mean  ratio 

- 

— 

— 

0.22 

Movement 

G:C 

1.313 

236 

riio 

0:K 

0.677 

46 

31 

Total 

- 

- 

282 

341 

Weighted  mean  ratio 

— 

— 

— 

1.21 

Concealment 

E:B 

1.200 

Ill 

133 

F;C 

0.968 

301 

?.91 

H:D 

1.731 

17 

29 

M;J 

2.851 

1 

2 

N:K 

0.940 

13 

12 

P:L 

1.318 

3 

4 

Total 

— 

— 

446 

471 

Weighted  mean  ratio 

— 

— 

— 

1  06 

No  blank  fire 

C:A 

0.526 

1443 

760 

D:B 

o.r9o 

376 

147 

H:E 

o.-'toa 

365 

116 

L:J 

0.815 

7 

5 

N:I 

4.600 

0 

1 

P-.M 

0.377 

71 

27 

Total 

— 

- 

2263 

1056 

Wel^ted  mean  ratio 

— 

— 

— 

0.47 

The  relative  variance  of  a  ratio  is  approximated  by  sum  of  the  relative 
variances  of  the  two  numbers  ol  *he  ratio.  This  relative  variance  may  then  be 
converted  to  the  ordinary  absolute  nrlance,  simply  by  multiplying  by  the  ratio 
Itself.  The  reciprocal  of  the  variance  of  the  ratio  is  a  good  measute  of  the 
reliability  of  that  ratio. 
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For  “x?mpic,  the  first  ratio  of  Table  P5  is  0.224  for  .kA.  The  absolute 
ratio  variance  is  just  this  value  squared,  times  the  sum  of  the  A  and  ii  relative 
variances  from  Table  P3,  which  are  0.00110  and  0.00490.  The  reciprocal  of 
this  quantity  (I/o')  is  the  weighting  factor  3310,  listed  in  Table  P5. 

it  is  concluded  ^hai  where  size  is  leduced  by  48  percent  from  the  E  target 
(4.59  sq  ft)  to  the  F  target  (2.38  sq  ft),  the  number  of  hits  will  reduce  by  77 
percent. 

When  a  target  moves  (at  about  4.2  mph  laterally)  instead  of  remaining  stiii, 
the  hits  will  increase  by  i5  percent. 

When  a  target  is  partly  concealed  instead  ot  being  wholly  visible,  the  hits 
will  increase  5  percent. 

When  there  is  no  blank  fire  from  the  target  at  the  time  it  appears,  the  hits 
will  decrease  by  52  percent. 

The  data,  after  account  is  taken  of  these  four  effects,  show  no  further  de¬ 
pendence  on  range  or  exposure  time. 


TARGET-CHARACTERISTIC  PREDICTIONS 


Having  determined  the  effects  of  each  of  six  apparent  target  character¬ 
istics  on  hits,  it  is  now  possible  to  extrapolate  from  the  experimental  '^vta  to 
hypothetical  targets  having  any  combination  of  values  of  these  characteristics. 
The  purpose  of  such  e.xtrapoiation  is  to  permit  the  critical  reader  to  recom¬ 
pute  the  experimental  results  on  the  basic  of  alternative  target  systems,  should 
the  selected  target  systems  prove  to  be  incorrect  or  unacceptable.  For  example, 
subsequent  analysis  may  reveal  that  true  combat  has  a  higher  percentage  of 
targets  at  a  longer  range,  but  shorter  exposure  times,  or  mor<’  lateral  move¬ 
ment  than  the  proportions  used  in  the  ex[)erimentai  target  systems.  This  dis¬ 
cussion  outlines  how  the  separated  effects  of  these  characteristics  may  be  used 
to  modify  the  results  in  order  to  produce  an  estimate  of  the  results  of  aiy  modi¬ 
fied  system  of  targets. 

The  effects  of  range  and  time  have  been  straightforwardly  deduced  from 
simple  theory;  the  effects  of  target  si'^.e,  movement,  concealment,  and  blank 
f're  have  been  deduced  in  the  preced'ng  section.  To  .-^rform  illustrative  cal¬ 
culation,  it  is  desiraoie  to  begin  with  a  standard  set  of  target  character! stict. 
Arbitrarily  select  the  mean  range  and  exposure  time  ihat  were  selected  earlier 
in  preparation  of  Tables  P3  and  P4  (i90-yd  range,  10.3-sec  exposure  time).  In 
addition  arbitrarily  select  for  the  standard  target  a  large  silhouette  (E)  that  is 
not  concealed  and  not  moving. 

In  order  to  perform  the  lequisite  calculations,  a  basic  starting  point  is 
required— i.e.,  the  number  of  hits  scored  on  a  ntandard  target  with  the  above 
characteristics  must  be  known.  In  order  to  arrive  at  the  best  figure,  all  the 
data  are  utilized  as  listed  in  Tables  P3  and  P4.  Because  of  the  gross  differ¬ 
ence  between  the  number  of  hits  scored  in  day  and  night  firing,  these  two  con¬ 
ditions  are  computed  separately.  To  compute  the  average  number  of  hits  on  a 
standard  day  target,  the  number  of  hits  on  each  of  the  target  groups  of  Table 
P3  are  taken,  and  corrected  for  reduced  target  size,  movement,  concealment, 
or  no  blank  fire  as  appropriate.  This  calculctfon  is  performed  by  appropriately 
dividing  the  number  of  target  hits  by  0.23,  1.15,  1.05,  or  0.48,  respectively. 

The  sum  is  then  divided  by  the  total  number  of  targets  fired  on  for  the 


entire  experiment,  to  yield  the  desired  mean  nuoiber  of  hits  on  uto  stantniru 


ORO-T-378 


387 


wnrinKniiiii 


CONFIDENTIAL 


day  target.  This  mean  is  9.68  hits.  A  slmliar  calculation  with  the  data  in 
Table  P4  yields  a  night  standard  target  mean  of  1.81  hits. 

It  Is  ins  ructive  now  to  use  these  mean  standard  target  hit  values  together 
with  the  derived  correction  factors  for  the  six  significant  target  characteristics 
to  predict  the  number  of  hits  on  all  the  ta^'gets  as  described  in  Tables  PI  and 
P2.  This  has  been  done,  and  the  results  are  listed  in  Table  P6.  The  “Predicted” 


Table  P6 

PREDICTED  TARGET  HITS 


Day  hits  (9.68) 

Night  hits  (1.81) 

Target 

no. 

Predicted 

Counted 

Target 

no. 

Predicted 

Counted 

5 

5 

5 

1 

9 

14 

7 

22 

23 

2 

1 

2 

9 

7 

10 

3 

5 

8 

10 

16 

18 

4 

2 

4 

13 

14 

12 

6 

2 

3 

14 

4 

5 

8 

5 

5 

15 

1 

0 

11 

1 

3 

16 

7 

7 

12 

1 

1 

18 

4 

7 

13 

1 

2 

19 

11 

9 

14 

1 

1 

20 

22 

27 

15 

0 

0 

21 

1 

1 

16 

2 

1 

22 

4 

2 

17 

0 

0 

24 

0 

0 

If' 

1 

1 

25 

■* 

4 

J 

i  k/ 

2 

1 

28 

•» 

3 

20 

4 

29 

5 

5 

2> 

u 

0 

•>0 

0 

A 

22 

r> 

0 

.  ■% 

J  A 

3 

4 

23 

0 

0 

32 

0 

0 

25 

0 

0 

33 

0 

0 

26 

0 

0 

34 

2 

1 

27 

1 

0 

Total 

132 

140 

Total 

41 

50 

columns  list  the  computed  number  of  hits  based  on  these  deduced  factors.  The 
“Counted”  columns  list  the  actual  number  of  hits  scored  on  each  target.  The 
agreement  is  reasonably  satisfactory.  Of  course  the  method  of  deriving  the 
factors  necessarily  leads  to  predictions  as  good  as  these. 

It  should  be  quite  clear  now  that  one  can  start  with  either  the  day  or  night 
standard  target,  and  convert  to  reasonable  values  of  any  of  the  six  critical  char¬ 
acteristics  and  predict  the  number  of  hits.  This  capability,  together  with  the 
squad  differences  discussed  in  Apps  G  and  K,  permits  fairly  flexible  eKtrapoia- 
tion  beyond  the  limited  ccxid'tions  of  the  SALVO  I  e.Tperiment. 
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TARGET-CHARACTERISTIC  REDUCTION 

Rather  than  use  the  conservative  method  discussed  In  the  section  “Size, 
Movement,  Concealment,  and  Blank-Firing  Effects,*’  where  the  hit  data  are 
grouped,  it  is  possible  to  use  all  the  data  as  In  App  K.  The  Interrelated  effects 
of  the  six  target  characteristics  are  deduced  from  all  data.  To  do  this  analysis 
as  In  App  K,  reduction  Is  first  accomplished  for  the  major  effects.  The  range 
and  time  reductions  are  made  first  identically  as  in  the  section  “Range  and 
Time  Reductions.*  Then  a  target  area  reduction  Is  made  by  multiplying  F  tar¬ 
get  hits  by  the  known  target  area  ratio  (1.92).  The  list  of  hits  is  now  ready  for 
successive  reduction  for  blank  fire,  concealment,  movement,  additional -exposure¬ 
time  effect,  and  additional -target-size  effect. 

Similarly,  for  the  data  on  rounds  fired,  the  exposure -time  reduction  Is 
identical;  no  range  or  target-size  reductions  are  made.  The  rounds  data  are 
also  then  ready  for  reduction  for  the  same  four  effects  in  the  same  succession. 

These  sequential  reductions  have  been  performed  with  day  data.  Table  P7 
lists  the  original  hit  (h)  and  rounds  (r)  data,  taken  from  Tables  FI  to  F38.  The 


next  columns  are  reduced  according  to  these  relations: 

//  -  A(/f  -  1.75) '8.751(4.5'),  2.i«)  (P3) 

K  -  rl(fj  -  1.75)  8.75)  (P4) 

The  factors  for  the  sequential  reduction  for  the  other  effects  are: 

//'  -// (0.831)g  (1.291)c  (0.732)„  (1.606), ,.j(1.574)j.  (P5) 

R'  -  A' (1.320),,  (1.455)c  <1*048)m  (0.92’), ^,(1.107).,  (P6) 


Expressions  P5  and  P6  indicate  the  factors  required  to  successively  equate 
means  for  B,  blank  fire  vs  no  blank  fire;  C,  concealment  vs  no  concealment; 
M,  movement  vs  no  movement;  t  <  6,  exposure  less  than  6  sec  vs  exposure  of 
6  sec  or  more;  F,  smaller  vs  larger  target  silhouette.  Successive  application 
of  these  factors  reduces  II  and  H  to  the  values  listed  in  the  colun.ns  headed  11’ 
and  R'  In  Table  P7.  As  In  App  K,  the  reduction  factors  are  Isolated. 

The  completely  reduced  data  II’  and  R’  are  now  examined  for  remaining 
'fferences  of  mean  for  all  but  the  last  effect  examined  (F  vs  E  target  size). 
This  examination  reveals  the  following  remaining  factors: 

//' — ((i.801)g  (0.829)^.  (1.525)^,  (1.260),^^  (p7) 

«•— (0.808)^  (0.918)c  (1.031)^  (1.015), (Pg) 

These  factors  must  be  multiplied  by  the  factors  of  Expressions  PS  and  pi'  to 
yield  total  corrections  for  each  effect.  The  rtclprocals  of  these  products  are 
then  Indicative  of  u.«  effects  of  the  six  characteristics  Involved. 

The  net  size  effect  also  Includes  the  area  factor  in  Eq.  P3.  The  range 
and  time  effects  of  Eqs.  P3  and  P4  should  also  be  noted.  The  net  effects  are 
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Table  P7 

DAY-TARGET-CHAR ACTEHISTIC  REDUCTION 


Target 

no. 

Unreduced 

Time,  range,  j 
size  reduced 

Completely 

reduced 

h 

r 

II 

1  ’ 

1* 

1  \ 

5 

229 

929 

212 

2957 

445 

4005 

7 

1181 

3581 

246 

2363 

414 

5024 

9 

505 

1228 

329 

3906 

528 

3621 

10 

936 

3113 

262 

2055 

442 

4369 

13 

577 

2884 

187 

1422 

315 

3023 

14 

258 

1598 

267 

1929 

452 

4100 

15 

20 

500 

65 

1590 

164 

1632 

16 

291 

1962 

225 

2369 

165 

2483 

18 

352 

1043 

496 

4000 

363 

4192 

19 

454 

2548 

223 

1681 

163 

1762 

20 

1387 

5933 

307 

1744 

396 

2538 

21 

61 

543 

336 

3802 

540 

3524 

22 

58 

548 

157 

1743 

270 

3104 

24 

15 

486 

8b 

1548 

288 

2311 

25 

58 

844 

177 

1019 

360 

1642 

28 

127 

1181 

434 

2432 

361 

3210 

29 

258 

2241 

479 

2241 

398 

2958 

30 

4 

230 

54 

1607 

87 

1490 

31 

178 

2735 

252 

1007 

425 

2141 

32 

20 

702 

181 

1068 

236 

1561 

33 

2 

445 

88 

3114 

222 

3196 

34 

70 

1690 

196 

769 

331 

1635 

Table  P8 

DAY-TARGET  EFFECTS 


Effect 

Hit 

change,  % 

Round 
change, % 

Blank  fire 

+50 

-6 

Cr.nrenlmenr 

-7 

-27 

Movement 

-10 

-7 

Smaller  size 

-67 

-10 

6-soc  exposure 

-51 

+6 

Range  R 

a  l/A’2 

— 

Exposure  r 

a  (;-1.75) 

ot  (t  -1,75) 
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listed  In  Table  P8.  The  additional -target-size  effect  reduces  the  F  target  hits 
to  33  percent  of  E  target  hits,  rounds  fired  is  reduced  to  90  percent.  The  tar¬ 
gets  that  were  exposed  for  oniy  3  or  sec  got  49  percent  of  the  hits  received 
by  targets  exposed  longer,  even  after  reduction  by  Eq.  PI,  and  rounds  fired 
increased  by  6  percent.  This  suggests  the  inappiicabiiity  of  the  rate-of-fire 
concept  lor  such  a  short  exposure.  Movement  reduces  target  aits  to  90  percent 
of  stationary  target  hits  and  reduces  rounds  fired  to  93  percent.  Concealment 
reduces  hits  to  93  percent  of  unconcealed  target  hits,  and  reduces  rounds  fired 
to  73  percent.  Blank  fire  at  a  target  increases  hits  to  50  percent  but  reduces 
rounds  fired  to  94  percent. 

Similar  calculations  are  possible  for  the  night  target  system.  It  satisfies 
the  present  purpose  to  demonstrate  the  method  of  analysis,  and  deduce  a  few 
major  effects. 
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